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Aha! 


DON’T ALLOW yourself to be illuded any further. 
These are not coils for stills, but rather for the purpose 
of making ice water, though it is hard to believe that 
the demands for drinking water would be so great at 
any one place and time as to require such large coils. 
The refrigerating industry, however, has always been 
associated with the beverage business, having been born, 
in this country, in a brewery, so it would hardly do to 
question the judgment of those so familiar with the 
liquid requirements of a community that even the nomen- 
elature in the two fields have many words in common 
though the meanings may be different. Note, for ex- 
ample: stills, joints, leaks, piped up, on ice, foaming, 
skimming—surely early associations have left their 
traces. 

Be that as it may, the refrigerating industry has 
made considerable progress in recent years; among the 
noteworthy practices now growing in favor is the weld- 
ing of joints so that coils like those shown above.can be 
made up without a fitting. 

Elsewhere in this issue, the methods used to elimi- 
nate joints and to avoid leaks are discussed under the 
title Piping for Refrigeration. Recent developments 
and tendencies in refrigerating piping and fittings are 
also enumerated. The effect of standardization on the 
industry and other matters that should be of interest 
to those who toil in order that we may be cool are dis- 
cussed. 


Stills! 
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New Higu Heap Hypro PLANT OF THE CALIFORNIA OREGON POWER 
Company Has Present Capacity oF 40,000 Kyv.a. In Two UNITs 





IN JANUARY, 1928, Prospect No. 2 hydro 
plant of The California Oregon Power Co. 
with two 23,400-hp. units operating under a 
head of 590 ft. was put into regular service. 
This company, a subsidiary of the Standard 
Gas & Electric Co., serves light and power to 55 
communities in Northern California and Southern Ore 
gon, covering a territory approximately 90 by 200 mi. 
The plant was designed and constructed by, and will 
be operated under the supervision of, the Byllesby 
Engineering & Management Corp. In addition to the 
electric service supplied direct to customers, large 
amounts of energy are wholesaled to other companies, 
connection with the Mountain States Power Co. being 
at Springfield, Oregon to the north and with the Pacific 
Gas & Electric Co., at Delta and Kennett, Calif., to the 
south. The load factor of the entire system is in the 
neighborhood of 70 per cent. 














This development, shown in Fig. 1, on the Rogue 
River, will operate in parallel with eleven other hydro- 
electric plants aggregating 91,970 hp., the most im- 
portant being Copco No. 1 and Copco No. 2, representing 
a combined capacity of 73,500 hp. A map of the entire 
system is shown in Fig. 3 with the vdrious plants of the 
system connected by a high voltage transmission system 
totalling 764 mi. The low-voltage distributing system 
totals 923 mi. 

Rivers in this territory are characterized by a re- 
markable uniformity of flow throughout the year, a 
condition that makes possible a relatively inexpensive 
development, as comparatively small expenditures for 
artificial storage are necessary. It is estimated that at 
this plant the first 16,000-kw. primary power (100 per 
cent load factor) can be carried by the regular run of 
the stream without storage. 

Briefly, the development consists of a diversion dam, 
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a 7000-ft. canal terminating at the forebay, 3100 ft. of 
87-in. wood stave pipe, a surge tank and 900 ft. of 
riveted steel penstock. The ultimate capacity of the 
station is three 23,400-hp. wheels, each unit to be com- 
plete from the forebay to the power house with its own 
woodstave pipe, penstock, direct connected exciter, oil 
pressure governor and bypass. Two Pelton reaction tur- 
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been provided to furnish water to Prospect No. 1 plant. 
This plant, built about 1911, contains one horizontal 
single runner reaction turbine, rated at 7000 hp. at 514 
r.p.m. under a head of 525 ft. It drives a 3750-kw., 
2300-v., 60-cycle, 3-phase generator. Ultimately, upon 
the installation of Unit No. 3 at Prospect No. 2, this 
plant will be abandoned. The old forebay was originally 
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SCALE IN FT. 


CROSS SECTION OF THE POWER HOUSE, SHOWING THE ARRANGEMENT OF TURBINES, SWITCHBOARD, 


CONTROL DESK AND TRANSFORMERS OF PROSPECT NO. 2 PLANT 


bines, each driving a 20,000-kv.a., 80 per cent power 
factor, 6600-v., 60-cycle, 3-phase General Electric gen- 
erator at 514 r.p.m. under an operating head of 590 ft. 
are now installed. Efficiency guarantees of the turbine 
and generators are given in Table I. Each generator is 
connected directly to a bank of three single-phase trans- 
formers, both generators and transformers being pro- 
tected by differential relays. 

From the surge tank a temporary 36-in. bypass has 


a 


supplied with water by a flume extending up to the 
present diversion dam and cutting the present wood- 
stave pipe line between the new forebay and the Crater 
Lake highway. 

Elevations above normal tail water are given in 
Table II. Axial lengths of the penstock and pipe line 
sections are 900 and 3100 ft. respectively and the canal 
is 7000 ft. long. The power house is in a canyon, with 
the operators houses, surge tank, switchyard and sub- 
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EFFICIENCY GUARANTEES OF THE TURBINES 
AND GENERATORS 


TABLE I. 








Efficiency 

RE, Kc ccccdiencseeecdndeetoue 84 per cent 
EL, 6b ie cewsakaneeeemnninne’ 87 per cent 
rsa ere 89.5 per cent 
DS Seer vcnsncgxcsesareentag 90.0 per cent 
PE 6c crcvnrebernnkenekhvent 85.5 per cent 
Generator eff. (full load) 96.8 per cent 


Load 





station located on the rim above about 500 ft. higher. 
The forebay is approximately 115 ft. above the base of 
the surge tank. 


TABLE II. ELEVATIONS ABOVE NORMAL TAIL WATER 








Normal tail water 

Center line of scroll case 

Junction of woodstave pipe and penstock 
(surge tank) 

Forebay (normal level) 

Dam (head water) 





The power house itself, Fig. 4, and the headpiece, 
is faced with run of kiln brick, ranging in color from 
medium buff to dark brown. They are set without re- 
gard to color, giving a mottled effect blending in well 
with the landscape. As shown in the plan, Fig. 5, the 
building, foundation and draft tube as far as the scroll 
ease are completed ready for the installation of the third 
unit. 

General arrangements of the station can be seen 
from Figs. 2 and 5. Each unit has a 72-in. motor 
operated butterfly valve and a relief bypass with a 
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capacity of 75 per cent of the full load flow to the tur- 
bine. This bypass is under the control of the oil pres- 
sure governor; at least it is opened by the governor and 
closed slowly by a dashpot arrangement. 


Sration Has Some UNusuaL FEATURES 


Several features of the station are of especial interest. 
The draft tubes are made with a removable cast-iron 
section, shown in Fig. 2, immediately below the scroll 
case. When it is necessary to remove the wheel for 
inspection or repair, this section can be removed and the 
wheel or runner dropped down through the bottom of 
the scroll case, without disturbing the generator. After 


removal from the scroll case, the runner can, of course, 
be lifted up to the main floor by the power house crane 
through the hatch, indicated in Fig. 5. 

If the generator rotor is to be removed, provision has 
been made to make it convenient to work on and, at the 








THE POWER HOUSE IS LOCATED IN A CANYON 
ABOUT 500 FT. BELOW THE SURGE TANK 


FIG. 4. 


same time, not subject the floor to excessive loads. The 
small cover, marked A in Fig. 5, covers a casting with a 
hole of the proper diameter to pass the shaft. Below 
this is a concrete pillar built up from the basement floor 
sufficiently high so that when the generator rotor is 
removed from the stator and the shaft lowered through 
the hole in the casting until it rests on the pillar, the 
bottom of the rotor will come about 3 ft. above the main 
floor. 

The third item is in connection with the penstock 
expansion joints, used between anchors. In order to 
reduce friction between the concrete cradles and the 
steel penstock, ;y-in. service packing was cemented -to 
both the penstock and the cradles with graphite used 
between them for lubrication. Although the scheme has 
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FIG. 5. A PLAN OF THE POWER HOUSE SHOWING THE 
TWO UNITS NOW IN PLACE AND SPACE PROVIDED FOR 
THE THIRD 


not been in service for a sufficient length of time to 
determine its ultimate value, present indications are 
that it is a satisfactory solution of a troublesome 
problem. 

Control of the substation as well as all gates at the 
dam, forebay and power house is handled from a control 
room in the power house. This control room, Fig. 8-L, 
complete with electrical instruments and water level 
indicators, has, in addition to the remote electrical con- 
trol equipment, a complete telephone system installed 
so that communication can be carried on between the 
power house substation, forebay, diversion dam and 
other parts of the company’s system. Gates at the dam, 


bru SYN.EQUIPMc tut 
-_—~. 7 
FUTURE s0KK SPECTER tee eI nO 
i 
! 
! 
' 





— 
zt Tt 
"LINE NO.I2y [ va~o & | | 
pes ‘oe ’ 
LIGHTNING ARR. ©P1 
' 


\ LINE NOI? MEDFORD LOPLO_ 4!5/300/5A. 
mS TT si mm } [ . ema ost 
ts 


! 
30,000 KV.A. 73/130 KY. 3ptase 


ENGINEERING 391 










































SURGE TANK 
S°GUNITE CORE CURTAIN 


DETAILS OF 
GUNITE CORE WALL 


CRUSHED ROCK 
HIGH POREBAY LEV.FL.259n§ 





ECTION THROUGH EMBANKMENT 


3"GUNITE 
CORE CURTAIN—* 











sia DETAILS OF GUNITE. 


"CONCRETE CRADLE CORE Wane 


DETAILS AND ARRANGEMENTS OF THE SURGE 


FIG. 6. 

TANK, CROSS MANIFOLD, JOINT BETWEEN THE WOOD 

STAVE PIPE AND PENSTOCK, THE FOREBAY EMBANK- 
MENT AND GUNITE CORE WALL 


forebay and power house may be operated electrically or 
manually as desired. 


SWITCHYARD AND SUBSTATION BUILT ON PLATEAU 
ABOVE Power House 


Lack of space at the power house for high tension 
switching equipment, the absence of local distribution 
lines and low land values largely determined the design 
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SINGLE LINE DIAGRAM OF THE ELECTRICAL CONNECTIONS 
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and arrangement of the electrical equipment. Absence 
of local distribution lines made it desirable to omit all 
6.6-kv.a. buses and switching equipment and connect 
each generator directly to one bank of three 6667-kv.a., 
6.6 to 83.8-kv.a. transformers connected delta star. 
These transformers, visible in Fig. 8-I are located along 
the outside wall of the power house with one single 
phase transformer provided as a spare. 
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on into the power house where the crane is available. 
This is accomplished by means of a track, shown in 
Fig. 5, running the entire length of the transformer 
platform. From this track the transformer is trans- 
ferred to the tram car, lowered to the power house door 
and again transferred to the power house track, where 
it ean be reached by the crane. 

Lack of space at the power plant made it necessary 























FIG. 8. A.—DIVERSION DAM, UPSTREAM SIDE. 


B.—DI VERSION DAM, DOWNSTREAM SIDE. 


C.—SECTION OF 


CANAL AND NARROW GAGE ROAD. D.—SPILLWAY SECTION OF CANAL. E.—FOREBAY. F.—PIPE LINE INTAKE. 


G.—WOOD STAVE PIPE, LOOKING TOWARD FOREBAY. H.—SURGE TANK. 
SWITCHYARD AND SUBSTATION. K.—INTERIOR OF POWER HOUSE, SHOWING BOTH UNITS IN PLACE. 


HOUSE. J. 


I.—TRANSFORMER BANK AT POWER 


L.—POWER HOUSE CONTROL ROOM 


Disconnects are installed on both the high and low 
tension sides of all transformers so that the spare trans- 
former can be substituted for any one of the other 
transformers without moving either of them. 

In order to facilitate repairs on the transformers 
provision has been made to take the unit to be worked 


to locate the 73.8 kv. switching station on the plateau 
above, and a lineal distance of about 1500 ft. from the 
power house. Steel construction is used at the sub- 
station and, as property is inexpensive, a low spread-out 
design with no structure over 31 ft. high was built. 
Power for the 2.3-kv. station auxiliary circuit is dis- 
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tributed from a small substation building which also 
contains the control battery, battery charger set for oil 
switch operation, relay panels for the outgoing 73-kv. 
feeders, lighting panel for the substation and in addition 
a storeroom and repair shop. A; general view of the 
switchyard and substation is shown in Fig. 8-J. 

A double 78.8-kv. bus is used with a 73.8-kv. oil cir- 
cuit breaker as a tie between them. Connections are 
shown by a single line diagram, Fig. 7, and details of 
the switching yard are shown by the full line diagram in 
Fig. 9, which also includes details of the tower and 
switching arrangement. 
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earried down the hill in conduits fastened to the tram- 
way structures. 


CONSTRUCTION METHODS AND DETAILS 


Some of the construction methods and details are 
included in the following paragraphs, for although they 
are not part of the power plant proper, they form an 
important part of the project and are of sufficient gen- 
eral interest to be included even though they involve’ 
duplication of data presented in the previous summary. 

All supplies and equipment had to be trucked in, a 
distance of about 45 miles from Medford. Due to soil 





GENERAL 


Location—On Rogue River, near Prospect, Oregon. 

Capacity, present—40,000 kv.a., 80 per cent power factor. 

Capacity, ultimate—60,000 kv.a., 80 per cent power 
factor. 

Operating Company—The California Oregon Power Co., 
subsidiary of the Standard Gas & Elec. Co. 

Engineers and constructors—Byllesby Engineering & 
Management Corp. 


POWER HOUSE 

2 Pelton Water Wheel Co. reaction type hydraulic tur- 
bines, rated at 23,400 hp. under a 590-ft. head 
when operating at 514 r.p.m., maximum efficiency 
90 per cent at 21,000 hp. Direct connected to 

2 General Electric Co. vertical, 20,000-kv.a., 80 per cent 
power factor, 6600-v., 3-phase, 60-cycle generators 
with Kingsbury thrust bearings. 

2 Pelton Water Wheel Co. oil pressure governors. 

2 Pelton Water Wheel Co. 72-in. motor-generated but- 
terfly valves. 

7 Westinghouse Electric & Mfg. Co. 6667-kv.a., single- 
phase, 6.6 to 73.8-kv., oil-cooled transformers, con- 
nected delta star. 

1 Cleveland Crane & Engineering Co. 60-t. power 
house crane. 

1 Cleveland Crane & Engineering Co. 35-t. tram hoist. 

8 General Electric Co. switchboards. 

1 Allis-Chalmers Mfg. Co. 35-cu. ft. air compressor. 


SWITCHING AND ELECTRICAL EQUIPMENT 
7 Pacific Electric Co. Type JB, 400-amp., 73.8-kv. oil 
switches. 
85 Delta Star Electric Co. Type PMB, 300-amp., 73.8-kv., 
3-pole, remote mechanically operated disconnecting 
switches. 





Principal Equipment at Prospect No. 2 Hydro Plant 


1 Electric Storage Battery Co. Type EMG-7, 60-cell, 
125-v. storage battery. 
1 General Electric Co. 140-v., 14%4-kw. charging set for 
trickle charging. 
1 General Electric Co. 10-panel switchboard at sub- 
station. 
2 Westinghouse Elec. & Mfg. Co. 200-kv.a., 73.8 to 2.3- 
kv. transformers connected delta delta. 
Lightning arrestors—General Electric Co. oxide film 
type. 
DAM, FOREBAY AND PENSTOCKS 
3 Pacific Coast Engineering Co. 34 by 12.5-ft. Tainter 
gates at diversion dam. 
2 Pacific Coast Engineering Co. 11 ft. by 11 ft. 0 in. 
Tainter gates at canal intake. 
2 Link-Belt Co. %-in. mesh, revolving fish screens. 
2 Pacific Coast Engineering Co. 4 by 6-ft. sluice gates 


at dam. 

8 Pacific Coast Engineering Co. 9 by 11.5-ft. sluice 
gates at pipe line intake. 

2 Redwood Mfg. Co. 87-in. woodstave pipe lines, each 
3100 ft. long. 

1 Western Pipe & Steel Co. 20-ft. diameter, 48.5 ft. 
high above balcony, on tower 77 ft. high, surge 
tank with 82-in. diameter cross manifold and ap- 
purtenances. 

2 Chapman Valve Co. 54-in. gate valves at surge tank. 

1 Chapman Valve Co. 36-in. gate valve for bypass to 
old forebay. 

2 Puget Sound Machinery Depot riveted steel penstocks, 
87 in. in diameter, % in. thick at surge tank, 
tapering to 72 in. diameter, 15/16 in. thick at 
butterfly valves, each 900 ft. long and complete 
with 5 forged, welded slip joints. 

12 Multiplex Mfg. Co. Crispen 4-in. air valves. 

Gate hoists—D. J. Murray Mfg. Co. 








Three 73-kv. outgoing lines, one to Medford, one to 
Springfield and one to Gold Ray are provided. The 
first two of these, to Springfield and Medford, will, it is 
expected, be raised to 132 kv. sometime in the future. 
In addition to the three outgoing lines, two transformer 
generator circuits, one station auxiliary circuit and one 
tie to Prospect No. 1 are provided, with an oil circuit 
breaker for each circuit. Bypass switches are installed 
so that the bus tie oil circuit breaker can be used for 
either one of the other breakers by transferring the 
circuit to the transfer bus and then through the tie 
breaker to the main bus. 

All disconnects are remote mechanically operated and 
horizontally mounted and except for the disconnect 
switches, only strain insulators are used in the substa- 
tion. Control circuits in steel conduits are run open on 
special steel columns. Cables from the power house to 
the switchyard are lashed to messenger supports and 


conditions, trucking except on the surfaced highway 
was impossible, so that after the right of way was cleared, 
a narrow gage track was built from the camp up to the 
diversion dam site. A rock crushing and cement mixing 
plant was erected at the dam and rock was crushed and 
concrete for the project, as far as the forebay, was mixed 
at this plant and distributed on the narrow gage by 
means of cars and gasoline locomotives. 

The present diversion dam, about 40 ft. high, shown 
from both the upstream and downstream sides in Fig. 8, 
has a concrete portion 230 ft. long, an overall length of 
about 400 ft. and consists of an embankment, three 34 
by 12.5-ft. Tainter gates, a logway, two 4 by 6-ft. sluice 
gates, the canal intake and another short embankment. 
The canal intake, which can be seen at the left of Fig. 
8-A, is divided and the flow controlled by two 11 by 
11-ft. Tainter gates. 

No provision for a fish ladder was required by the 
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Oregon Game Commission at the dam, as falls immediate- 
ly below effectively prevent fish from ascending the river. 
Fish screens are, however, used at the intake to keep fish 
from the stream above out of the canal. These screens are 
of the traveling type with 34-in. mesh, somewhat similar 
to those used for condenser intakes. Stop logs are pro- 
vided both before the Tainter gates and after the fish 
sereens. 

From the dam water is carried 7000 ft. to the forebay 
by a canal with a cross section of 144 sq. ft. and a fall 
of 3.43 ft. to the mile, giving a capacity of 1050 sec. ft. 
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Part of this canal and the 200-ft. spillway section 
provided near the forebay is shown by Figs. 8-C and 8-D. 
The spillway capacity is sufficient to take the full ca- 
pacity of the canal with an 18-in. flow or the equivalent 
to a 24-in. rise in the canal. This spillway drains down 
to a culvert under the highway to the river, a consider- 
able distance above the power house. 

A forebay, Fig. 8-E, about 400 ft. square and 20 ft. 
deep, is provided with two side embankments made with 
earth excavated from the forebay. They have 6-in. 
gunite corewalls, details of which are shown in Fig. 6. 
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SECTION: E-E 


FIG. 9. 


FULL WIRING DIAGRAM OF THE SUBSTATION, SHOWING THE INCOMING AND OUTGOING LINES AND 


DETAILS OF THE STRUCTURES 


The canal has a flat bottom section of 9.6 ft. with side 
slopes of 1 to 1 and was lined with 6 in. of concrete. 
Bottom slabs were poured in 20-ft. lengths and side sec- 
tions in 10-ft. lengths, using 10 movable forms mounted 
_ on wheels and lined with galvanized iron to give a 
smooth surface. The canal was dug with steam shovels, 
trimmed by hand and a 6-in. tile drain placed in the 
bottom before lining. 


The pipe line intake, Fig. 8-F, was built for three lines 
but only two of these are installed at present, although 
all construction and rock cuts have been made for the 
third one which will be installed in the future. From 
the forebay, the 87-in. diameter woodstave pipe lines, 
3100 ft. long, protected by 8-in. air valves at the upper 
and lower end, lead down to the surge tank located on 
the canyon rim about 115 ft. below normal water level in 
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the forebay. About 85 ft. of this drop takes place in 
the first 1100 ft. from-the forebay. 

At the rim of the canyon, the woodstave pipe is joined 
to the riveted steel penstock by a slip joint of the type 
shown in Fig. 6. A surge tank 20 ft. in diameter has 
been provided at this. point and it is connected with 
both lines by a cross. manifold through 54-in. gate 
valves as shown in Fig. 6. Thus there are no valves or 
obstruction in the line from the forebay to the butterfly 
valve at the turbines, yet the arrangement allows any 
of the pipe lines or penstocks to be isolated and drained. 
The 36-in. bypass to the Prospect No. 1 forebay is taken 
from the manifold at the point provided for the future 
No. 3 pipe line. 


Outp Puant Kept In SERVICE DuRING CONSTRUCTION OF 
New Puant 


Conerete cradles, cast in place every 10 ft., support 
the woodstave pipe. The line crosses both the highway 
and the old flume and as the highway department would 
not consent to raising the roadway, the pipe line was de- 
pressed below the highway grade and a bridge, Fig. 8-G, 
constructed. The old Prospect No. 1 plant had to be 
kept in operation during construction so that the pipe 
line was built from each end to the old flume, pre-cast 
cradles were prepared and, when the rest of the project 
was finished, the flume was cut and pipe line completed 
for this small section with a minimum loss of time. 

Penstocks are of riveted steel construction, tapering 
from 87 in. in diameter %% in. thick at the top to 72 in. 
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diameter, }§ in. thick at the butterfly valve. Five con- 
crete anchors are provided and a forge welded slip joint 
provided for each section. For a considerable portion 
of the way from the surge tank to the power house, the 
drop is almost vertical, as can be seen from Fig. 4. The 
penstocks for Prospect No. 1 are protected from falling 
rocks and debris by a covering of logs held in place by 
eables. This is not altogether satisfactory, so at Pros- 
pect No. 2 overhanging cliffs and loose rock were blasted 
out, leaving a deep cut free from danger of rolling 
boulders. 

Excavation for the power house substructure was 
carried on without the use of a coffer dam, although it 
extended considerably below the water level of the river. 
The formation of the country is volcanic, layers of lava 
underlaid with cinders were uncovered, indicating that 
this was in part the original undisturbed voleanic de- 
posit. Bedrock was not reached and a heavy reinforced 
concrete mat was laid under the entire building to give 
an even foundation and prevent uneven settling of dif- 
ferent parts of the structure. 

Both design and construction of the plant was carried 
out by the engineering and construction departments of 
the Byllesby Engineering & Management Corp. under 
the direction of H. W. Fuller, vice president in charge of 
engineering and construction, and F. H. Lane, manager 
of engineering and construction. J. William Link, hy- 
draulic engineer, and A. H. Tracy, electrical engineer, 
had charge of the design and Geo. F. Phythian was 
superintendent of construction. 


Details of the 20,000-Kw. Morrell St. Turbines 


CONSTRUCTION AND DESIGN FEATURES OF THREE TURBINES RECENTLY IN- 
STALLED IN THE MunIcIPAL PLANT aT Detroit, Mich. By G. H. Newron* 


OCATED AT THE FOOT of Morrell and Junction 
Sts., Detroit, the Morrell Street plant of the City of 
Detroit, officially placed in service May 23, 1927, was 
described briefly with a list of equipment in the Nov. 15 
issue of Power Plant Engineering. The generating 
equipment consists of three 20,000-kw., 1800-r.p.m., 
straight flow Westinghouse steam turbines. These units 
are designed for steam conditions of 360-lb. gage throttle 
pressure, 262 deg. superheat and 1 in. of mercury back 
pressure. The maximum rating of each unit is 25,000 kw. 
when operating with three stages of feed heating and 
the best efficiency point is at 17,000 kw. Each turbine 
drives a 25,000-kv.a., 3-phase, 60-cycle, 13,200-v. gen- 
erator with its direct connected 240-v. exciter. 

All units are erected on structural steel foundations 
and the weight of the turbine and generator rotors is 
carried by four self-alining main bearings, two of which 
are mounted in the coupling housing of the exhaust end 
of the turbine cylinder, one in the thrust bearing ped- 
estal and one in the outboard generator pedestal. 

The turbine cylinder is supported at five points and 
is anchored at the coupling ends by specially designed 
king pins bolted to the foundation below the coupling 
housing and fitted into the cylinder base, thus causing all 
the expansion of the turbine cylinder to take place 


*Engineering Dept., South Philadelphia Works, Westing- 
house Elec. & Mfg. Co. 


toward the governor end of the unit. The exhaust end 
of each turbine cylinder is carried at the horizontal 
center line by four supports which are shown in Fig. 2, 
with a fifth point of support where the high pressure 
end of the cylinder rests on the thrust bearing pedestal. 

This construction allows for transverse expansion of 
the turbine cylinder at this end of the turbine and since 
the transverse anchor point is on the same center line as 
the exhaust end supports, no provision need be made for 
longitudinal expansion. By supporting the cylinder 
from the horizontal center line, the vertical expansion is 
equalized, thus maintaining true alinement of the 
coupling. 

To withstand the pressure and temperature existing 
in the high pressure part of the turbine, cast steel was 
used for this end of the cylinder. It is bolted to the 
cast-iron low-pressure section, proper alinement of the 
two sections being assured by the use of a rectangular 
key inlaid in the joints. The low pressure portion is 
split vertically in order to keep the overall dimensions 
within the limit of transportation. Both the high-pres- 
sure and low-pressure sections of the cylinder are, as 
usual, split horizontally to allow the removal of the cyl- 
inder cover in one piece and the removal of the spindle 
from the cylinder base. The general arrangement is 
shown in the longitudinal section, Fig. 3. 

Arrangement of the blading is similar to that used 
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GENERAL VIEW OF THE MORRELL STREET 
TURBINE ROOM 


FIG. 1. 


in all recent straight flow single cylinder condensing 
units of Westinghouse design. A portion of the pressure 
drop through the unit is taken care of in the nozzles, 
which give the steam a high velocity. Most of the energy 
equivalent of this velocity is given up in the Curtis 
element of two rotating rows of impulse blades. The 
steam then expands through the four groups of reaction 
blading, some steam being bled off for feed heating after 
the first, second and third groups, which correspond to 
the 18th, 38th and 48th rows. 


Four Extraction Points ARE PROVIDED BUT ONLY 
THREE ARE USED 


Four-stage extraction is provided for, with the high 
temperature connections made to the chamber between 
the impulse wheel and the entrance to the reaction blad- 
ing. In these units, however, this connection is not used. 

Blades and dummy rings are so supported in the 
turbine cylinder as to allow for differential expansion. 
Two dummy pistons are employed to balance the end 
thrust of the spindle caused by the difference in pres- 
sures over the various areas and the pressure drop over 
the spindle blading. The spindle dummy pistons are 
forged integral with the thrust end of the spindle, while 
the cylinder dummy rings are removable from the cylin- 
der. The smaller of the two dummy pistons is designed 
to balance the thrust over the first group of blading. 

Any steam leaking by the labyrinth strips in this 
section of the dummy is taken through an equilibrium 
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FIG. 3. LONGITUDINAL SECTION THROUGH THE TURBINE 


ILLUSTRATING THE CONSTRUCTION 
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pipe to the zone where the first bleeder connection is 
made. This leakage does work in the last three groups 
of blading. The larger of the dummy pistons is designed 
to balance enough of the thrust load over the rest of 
the blading to keep the unit load on the Kingsbury 
thrust bearing below 250 lb. Steam which leaks by the 
labyrinth on this dummy is led through another out- 
side connection back to the cylinder at the entrance to 
the third group of blades where it does work by expand- 
ing through the last group of blades to condenser 
pressure. 

Relatively high speeds are used in the last rows of 
blades. Due to their length, it was necessary to use a 
tapered blade (one in which the cross section varies) in 
order to keep the stresses to a minimum. This was 
accomplished by varying the cross section of the blade 
in two different ways. In the longest blades, where the 
stresses are high, the section of the outer part was kept 
constant (measuring from the tip toward the base). The 
minimum length of the constant section was determined 
by calculation. The cross section of the remaining 
length was varied. In this way blades were produced 
that have a minimum weight with minimum centrifugal 
stresses. Using shorter blades and lower stresses the 
same effect was accomplished by tapering the blade 
from the base to the tip. Care was exercised to see that 
the centers of gravity of all cross sections lie on a 
common vertical axis so that the centrifugal force will 
produce pure tension and no bending in the blade. The 
cylinder and spindle blades in the low pressure group 
are warped or twisted to attain the correct angle to 
give the steam tangential entry along the edges of the 
blades in order to obtain higher blade efficiency. 

In the three turbines in the Morrell St. Station the 
first 18 rows of spindle blades and all the cylinder blades 
except those in the last row are of manganese copper 
stock that has been rolled and drawn. The last row of 
cylinder blades is cast manganese bronze and the last 
10 rows of the spindle blades are 5 per cent nickel steel. 

Steel blades are drop forged and milled at their 
roots to fit in the retaining grooves, some of which are 
single tongue, while the last two rows are double tongue. 
The blades are provided with double tapered tongued 
wedges on one side to insure a tight fit in the groove. 
Strips are inserted in a semi-circular groove just below 
the blade shank, which force the blades against the under 
surface of the tongue against the main groove, thereby 











DETAILS OF THE LOCKING DEVICE USED TO 
SECURE THE LAST BLADE IN THE ROW 


FIG. 4. 
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preventing the blade from shifting after the turbine is 
placed in service. An improved method of locking the 
last steel blade eliminates the former necessity of omit- 
ting two of these important blades in each row. The 
details of this locking device and assembly are shown in 
Fig. 4. The semi-circular calking piece and the radii 
on the supporting faces of the T-shaped root can be 
easily distinguished. 

A Kingsbury thrust bearing is used to secure the 
proper axial position of the turbine spindle and to take 
up that part of the end thrust which is not taken care of 
by the dummy. The entire thrust bearing can be dis- 
mantled without removing the spindle from the cylinder. 
The cage is split horizontally and can be lifted away 
without removing the disc from the spindle. Oil pas- 
sages cut radially through the cage supply oil to the 
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FIG. 5. SECTIONAL VIEW OF THE STEAM CHEST, RELAY 
AND OPERATING CYLINDER 


inner diameter of the bearing. It then passes outward 
between the thrust collar and the shoes, producing the 
desired oil film. To insure circulation through the 
bearing, an overflow orifice plug has been provided. 
This orifice allows oil to overflow into the governor gear 
chamber after it passes through the bearing chamber. 

Turbine spindle ends, where they come through the 
cylinder, are sealed against leakage of steam outward 
or air inward by water seal glands. Water is fed into 
the gland cases bolted to the ends of the turbine cylin- 
der. The gland runners or impellers, which are fastened 
to the spindle, revolve in annuli in the gland casings. 
The water is supplied to the entire periphery of the 
gland runner through cored passages in the casing. 
This insures a solid ring of water around the shaft 
and the pumping action of the runner maintains suffi- 
cient head to prevent leakage inward or outward. 
This type of gland calls for continuous circulation of 
water through the runner chamber. 

Pin type couplings, now standard for all 1800-r.p.m. 
turbines of 25,000-kw. maximum capacity or less, are 
used on the Morrell St. turbines. The governor is the 
standard Westinghouse flyball type of improved design. 
It is mounted on the thrust bearing pedestal and driven 
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by a worm gear, geared to the end of the turbine spindle 
and meshing with a worm wheel which is keyed to the 
lower end of the governor spindle. 


Stream CHEST MouNTED ON STEEL Support NEAR 
TURBINE 


Steam chest and throttle valve, shown in Fig. 5, are 
mounted on structural steel at the side of the turbine. 
One end of the steam chest is fastened rigidly to the 
foundation steel, while the other end is supported by a 
flexible I-beam construction to take care of the expan- 
sion. The primary, secondary and tertiary inlet valves 
are mounted in the steam chest and are all under gov- 



































FIG. 6. CROSS SECTIONAL VIEW SHOWING THE CON- 
STRUCTION OF THE TURBINE-DRIVEN AUXILIARY OIL 
PUMP 


ernor control. All steam entering the turbine first passes 
through the primary valve, which is not only under 
governor control through an oil operated piston, but is 
also spring loaded, as are the secondary and tertiary 
valves to insure positive closing in case the load is lost. 

Steam chest valves are of the double seated poppet 
type with ports designed to pass the required steam at a 
moderate velocity. ‘The secondary valve, through its 
linkage, is set to start opening when the primary inlet 
pressure is within 10 lb. of the throttle pressure and the 
tertiary valve will also start opening when the sec- 
ondary inlet pressure is within 10 lb. of the primary 
pressure. 

Steam inlet pipes are reduced in size between the 
steam chest and the turbine cylinder through the appli- 
cation of nozzles which bolt into the outlet from the 
steam chest and diffusers on the steam inlet connections 
to the nozzle chambers. Owing to the employment of the 
Venturi principle of expansion and recompression, the 














reduced pipe size gives little higher pressure drop be- 
tween the steam chest and the turbine nozzles than the 
normal size and provides a far more flexible arrange- 
ment of piping. 

Long sweeping pipe bends allow sufficient flexibility 
in the steam inlet pipes to relieve the steam chest and tur- 
bine cylinders of strains due to expansion of the appa- 
ratus. The primary nozzles are located in the cylinder 
base and the primary inlet steam line is taken from the 
under side of the steam chest to the primary nozzles, 
making a long loop under the floor. The secondary and 
tertiary connections are taken off the side of the steam 
chest adjacent to the turbine and the long loops ex- 
tend upward and over to their respective connections 
in the cylinder cover. 

The automatic throttle valve is bolted directly to the 
steam chest and spring supported to relieve the steam 
chest of strains due to the lever effect resulting from its 
overhanging weight. The main steam line is so fabri- 
eated and supported that there will be no danger of 
foree exerted on the throttle valve and the steam chest. 
The valve is equipped with an automatic closing device 
actuated by an automatic stop mounted on the extreme 
end of the turbine spindle directly below the governor. 
This automatic stop is set to operate when the turbine 
speed increases 10 per cent above normal. 





N THE LIGHT of the directions given in Part I of 
this article, the following notes on the liquid Venturi 
meter should be of interest. As has been pointed out, 
these cover all possible contingencies and it is not im- 
plied that any or all of the difficulties mentioned will 
occur in any one meter or with great frequency. It will 
be noted that many of the following comments refer to 
conditions external to the meter and to matters for which 
the operator is responsible, or to conditions of installa- 
tion. 
1. FLuctuation in Ftow 
Fluctuations in the rate of flow through the Venturi 
tube affect the accuracy of the meter and tend to pro- 
duce too high a reading. In the boiler house this may 
be due to the use of a reciprocating pump or to quick 
changes in load, ete. This error may run higher than 
10 per cent. The writer has seen three separate cases 
where the meter has apparently read 10 per cent higher 
than the possible displacement of the duplex feed pumps. 
The manufacturer recommends the use of very large 
air chambers to counteract this error. 


2. VIBRATION OF METERS 


This should be reduced to a minimum by proper 
foundation and bracing. Transmission of vibration of 
the water line due to a reciprocating pump can be re- 
duced by bracing the meter lines. 


3. CLEANING THE TUBE 
Considerable error may be introduced into the meter 


*This is the second and last part of the above article. Part I 
was published on pages 286 to 288*of the March 1, 1928, issue of 
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Testing and Care of Venturi Meters 


Part II.* GeNeERAL NoTres ON SOME OF THE Factors AFFECTING OPERATION OF 
VentTuRI Meters; USE OF THE SPECIAL VENTURI PLANIMETER. By FrED EMMARR 
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Two Ow Pumps Provipep 

Oil for lubricating the turbine and governor bear- 
ings, as well as high pressure oil for operating the valve 
gear while the unit is in service, is furnished by a three- 
pinion gear pump driven from the main governor 
through a special coupling arrangement on the lower 
part of the governor worm wheel, and the oil pump 
shaft. The pump is submerged in the oil reservoir and 
is supported from the lower part of the thrust bearing 
housing just below the governor. 

An auxiliary oil pump shown in cross section in Fig. 
6 is used to supply oil to the bearings and valve gear 
when starting up or shutting down the unit. This is a 
turbine-driven centrifugal pump mounted on top of the 
oil reservoir and submerged in the same manner as the 
main pump. The turbine rotor has a single row of 
buckets and drives the oil impeller through a direct 
connected shaft at 3500 r.p.m. An indicator projecting 
from the top of the auxiliary turbine housing was pro- 
vided so that the operator may readily determine 
whether or not the pump is running. This pump is 
automatically controlled when the turbine is in service 
and any tendency for the bearing oil pressure to drop 
below a predetermined amount will result in steam flow 
into the turbine nozzles and bring the auxiliary oil pump 
into service. 





should the tube gradually become incrusted with scale. 
This reduces the area of the tube, particularly at the 
throat. 

The tube should be opened and cleaned once or twice 
a year if convenient, according to the condition of the 
boiler water. Large underground tubes cannot, of 
course, be removed for cleaning, but these should be 
blown down regularly. 

The meter lines should be blown down at least once 
a week. It can be noticed that the readings usually 
drop a little when blown down. 


4. FREEzING 


In cold weather, Venturi meters are subject to freez- 
ing and bursting. If the meter cannot be protected in 
a warm building, a steam line should be placed around it, 
or a coal or coke fire, if gas is unavailable. If no heat 
is practical, the meter should be drained and left empty 
until the danger of freezing is past. 


5. REGULARITY 


The meters should be checked regularly, say once a 
week when blown down. It is rather poor policy to wait 
until an error is noticed and then check the meter. 

Not only should the meter be checked in itself, but 
the properties of the fluid measured also, such as its 
temperature, density, etc., so that the maximum useful- 
ness and accuracy are obtained. 

A regular form should be made up and filled out 
each time these data are taken. The accompanying form 
is the type used for liquid meters. 
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CALCULATION OF CORRECTIONS ON VENTURI METERS 
Measurine Liquips 


J. TEMPERATURE OF LiquID MEASURED 

Each meter is designed for a given liquid at a given 
temperature. For example, the water meters are de- 
signed for water at 65 deg. F. The actual temperature 
of feedwater measured at the boiler house is about 210 
deg. F., which makes quite an error if read directly. On 
the accompanying curve, correction may be made for 
various temperatures of water in percentage. 


2. Density or Liguip MEeasurRED 


Each meter is designed for a given liquid of given 
specific gravity, and proper correction must be made for 
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Chart No. 
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FORM USED IN CHECKING ACCURACY OF LIQUID 
VENTURI METERS 


FIG. 1. 


deviations from this standard. For example, if using 
ammonia liquor of density of 1.05 in a water meter de- 
signed for 1.00 liquids, and reading in pounds, consider- 
able error is introduced in two ways: 

(a) Differential correction: The volume of liquid 
passing through the meter tube varies directly with the 
square root of the differential pressure, i.e., upstream 
head—throat head. Since the pressures vary directly 
with the density of liquid, the volume of liquid then 
varies directly with the square root of the density of the 
liquid, so that on a meter set for 1.000 the increased 
differential would give too high a reading. Hence the 
correction would be inversely as the square roots of the 
densities. 

(b) Volume correction: The meter measures vol- 
ume and calculates pounds, ete., so that if the meter is 
designed for liquids of 1.000 specific gravity, the correc- 
tion would be directly as the densities. 
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3. VARIATION IN VENTURI TUBE AREAS 


After long periods of operation, the inside of the 
Venturi tubes becomes covered with an incrustation, 
hard or soft, and the areas of the tubes vary and produce 
an error in the meter. 

(a) Upstream: For this plant, this error is negligi- 
ble, for with our periodic inspection of the tubes, a 
maximum coating would be 1% in., which, with such a 
large area, would have but little effect on the differential 
pressure that reaches the meter. 

(b) Throat: With the small throat, however, 14 in. 
coating would introduce considerable error. The velocity 
through the throat varies inversely as the area. The 
quantity of liquid indicated on the chart varies directly 
as the velocity and the square root of the differential 
pressure, and the latter varies inversely with the area. 
Hence the recorded volume of liquid on the chart varies 
inversely with the area of the throat, so that with a dirty 
throat, the reading should be reduced by the ratio of the 
areas of the throat, dirty and clean. 
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(c) 
determining the areas and watching the operation of 
the meter immediately before and after such cleaning. 


This can be checked by cleaning the tubes when 


4. MISCELLANEOUS CORRECTIONS 


Large variations in temperatures of the instruments, 
mercury, racks, etc., may introduce small errors. 


THe VENTURI METER PLANIMETER 


In the directions issued by the manufacturer for the 
special Venturi meter planimeter, using the celluloid 
zone disk, separate constants for the respective zones, 
multiplied by the net planimeter readings, with no zero 
correction, gives-the flow per day. 

After years of operation, however, an error develops 
in this arrangement, due possibly to the wear of the 
wheel, and other mechanism. The following tests on one 
planimeter were made: 

1. Checking the constant of the planimeter by in- 
tegrating the required circle, 634 in. diameter, which 
gave a reading of 493 against the given constant of 510. 
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2. By ealeulating constants for certain zones, by 
integrating a given division, as 100,000 lb. per hour, and 
dividing the value of this division multiplied by 24 hr., 
by a planimeter reading thus: 


B.ILF. Per 

Total for Pla. Con- con- cent. 

Division 24hours Zone rdg. stant stant error 
100,000 2,400,000 B 264 9091 8626 54 
200,000 4,800,000 C 546 8791 8609 2.1 


Hence the method developed for interpreting the 
planimeter readings was as follows: 


1. Planimeter the various main divisions across the 
chart, such as 100,000, 200,000, ete. 


2. Multiply the value of these divisions by 24 to 
give their 24-hr. equivalents. 

3. Plot the planimeter readings against the 24-hr. 
values. 

Then the daily results can be obtained directly from 
these curves without corrections of constants. By re- 
peating the process and making up new curves every 
year, any variations of the planimeter can be taken care 
of. 

Where the operation throughout the entire year is 
fairly uniform and the meter reads between certain di- 
visions, it is best to magnify the curve and planimeter 
readings by plotting the points between the limits of op- 
eration, eliminating the portion of the chart to zero or 
the end of the chart. This gives closer readings on the 
planimeter. 

If a constant for multiplication is desired, the con- 
stants obtained by dividing the 24-hr. division reading 
(2,400,000 on the preceding example) by the planimeter 
reading (264), should be averaged for the operating 
range and used. For example, in the foregoing case, 
had the two constants, 9091 and 8791, been averaged for 
a result of 8941, the error between the two limits would 
have been less than 0.5 per cent. 

In using these curves or constants, all other correc- 
tion factors could be included in the constant, giving a 
direct reading or multiplier. 

For example: On the accompanying meter calibrat- 
ing form, under ‘‘Correction Data,’’ the various con- 
ditions of the meter that are not standard are tabulated. 
These include feedwater temperature, possible Venturi 
throat incrustation, density of liquid, ete., as explained 
under ‘‘Caleulations of Corrections. ’’ 

Then below are found ‘‘Planimeter Constants,’’ 
which are derived as just explained. The ‘‘ Average for 
Desired Zones’’ is multiplied by the correction factor 
obtained for the above conditions, called the ‘‘Overall 
Correction Factor,’’ to obtain ‘‘net corrected constants. ”’ 

Then, for final use as a multiplier in the daily chart 
interpretation, the ‘‘net corrected constant’’ for the 
operating ‘‘range’’ is selected and placed apart for quick 
reference as the ‘‘net constant.’’ 

Such an arrangement places the important phase of 
meter reading on a regular routing basis, with simple 
standardized procedure. 


THE Rep River Lumper Co., Westwood, Calif., is 
planning a $250,000 hydro-electric project on Ash Creek 
in Modoe County, Calif. 
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How to Find the Ignition Point 
of Powdered Coals 


OMETIMES it is desirable to test the ignition point 

of various grades of coal of the same size particles, 
or of various sizes of coal of the same kind. Wilhelm 
Schultes describes a method for securing this informa- 
tion which is similar to the method of determining the 
ignition point of products of the degasifying process, 
as used by K. Bunte and A. Koelmel and described in 
Gas und Wasserfach. 

The heating element consists of a clay tube 23.6 in. 
long, 0.98 in. wide on the inside, and of 0.0787 in. wall 
thickness. A wire is wound around this tube and cov- 
ered with asbestos packing 1.57 in. thick. Then a tube 
of potash glass having a high melting point is filled 
halfway with shard to facilitate uniform heating of the 
air flowing through it. This tube is then inserted in the 
clay tube. 

Above the tubes is a set of three narrow-meshed wire 
sieves on which 1 gram of the coal sample is placed. A 
thermo-element of platinum-platinumrhodium is so 
passed through the glass tube that its soldered point is 
1.5 mm. above the sample of powdered fuel. The tem~ 
perature is measured with a millivoltmeter. The heat- 
flow is controlled with a resistance and measured with 
an ammeter. 

The air is drawn through the apparatus by means 
of a water jet pump, but first it is passed through a 
gas meter, carefully dried in washing flasks containing 
concentrated sulphuric acid, and in chloride of calcium 
crystals and the CO, extracted by means of sodium- 
carbonate. The air flows then through the potash glass 
tube and through a reacting glass which is filled with a 
saturated solution of Ba(OH),. -This solution should 
prove that there really is combustion at the moment 
when the inerease in temperature shows the start of 
ignition. For, when CO, passes through, BaCQ,; is 
formed, which deposits in thick flakes. At the same 
time, by making a test in advance, the reacting or test 
tube proves whether all CO, had been extracted from 
the air to be used. 

Before the tests started, test curves were obtained 
for the oven, by heating the empty oven with a uniform 
current of 2 amp. and with various amounts of air. 
The variations were but small. The other tests were 
given under constant air supply of 63 quarts per hour. 
The coal dust samples were tested on standard testing 
sifts and divided into four groups as follows: 

A. Quantity passed through the 10,000 mesh screen. 

B. Quantity through the 6400 mesh screen and resi- 
due to the 10,000 mesh screen. 

C. Quantity through the 4900 mesh screen and resi- 
due to the 6400 mesh screen. 

D. Quantity through the 900 mesh screen and resi- 
due to the 4900 mesh screen. 

Each of these groups was tested as follows: The 
1 gram sample was placed on the potash glass tube 
sereens. Air was then drawn through the tube and 
proof obtained that no CO, was left in it. Then a 
normal air flow was maintained and the heat flow turned 
on at 2 amp. The millivoltmeter was read at constant 
intervals. The temperature rose gradually, as in the 


* Abstracted and translated from Archiv. fuer Waermewirtschaft. 
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test, and then rose suddenly when the reacting tube 
showed the start of combustion. The results were re- 
checked by cooling and reheating. 

In this case coal from Rheinland-Westphalia was 
tested. Regardless of the speed of air flow, the ignition 
point for the same size of coal was higher, the older the 
coal or the less combustible. The surface conditions of 
the particles of coal affect the ignition point. For in- 
stanee, anthracite repels heat more easily than poorer 
grades. The ignition point rises with an increase in the 
size of grain. Ignition depends more on the grain than 
on the content of combustible. Accordingly, a fine- 
grained powdered poor grade coal would give less 
trouble in pulverized firing than a coarsely ground rich 
or gas flame coal. However, further investigations on 
the ignition point of coals of various grains and kinds 
are to be made. 

For the coal samples of the Rheinland-Westphalia 

coal the ignition points were as follows, the letters A. 
B. C. D. corresponding to those in the mesh-width of the 
sift : 
Between 150 and 240 deg. C. 
Between 330 and 500 deg. C. 
Between 450 and 580 deg. C. 
Above 550 deg. C. 


Solvay Process Company Uses 
High Pressure 


Two 120,000 Ls. Per Hr. Steam GENERAT- 
Inc Units AND HigH Back Pressure TuR- 
BINES SUPPLY POWER AND Process STEAM 


Sau > 


ROBABLY the most interesting industrial power 

plant that has yet been installed is at the Solvay 
Process Co., Solvay, N. Y. The plant was put into 
service last year and has been in operation for several 
months, furnishing power and process steam. 

The installation consists of two combustion steam 
generators with Elesco superheaters, Copes feedwater 
regulator and Hydrojet ash conveyors, supplying steam 
to Westinghouse 4750-kw. turbines, operating against a 
back pressure of 125 Ib. 

From the standpoint of design, the steam generator 
itself, shown in cross section in Fig. 1, is somewhat 
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FIG. 1. CROSS SECTION OF THE INSTALLATION SHOWING 
THE ARRANGEMENT OF EQUIPMENT INCLUDING THE 
ECONOMIZER AND AIR PREHEATER 


similar to the steam generators at the Morgan & Wright 
plant described in our February 1 issue and at the A. E. 
Staley plant described in our February 15 issue. The 
arrangement of the pulverizer, exhauster fan differs 
from either of the other two plants, however, and an 
economizer precedes the air preheater. 

Four burners firing tangentially are used. The fur- 
nace is entirely water cooled; the gas of combustion 
passes down through the superheater up through the 
convection section of the boiler, down through the 
economizer and up through the air preheater to the 
induced draft fan and the stack. Air for combustion 
is foreed down through the air preheater, through the 
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ducts surrounding the steam generator, and into the 
furnace through ports around the burner. Primary air 
for combustion taken through the mill is also supplied 
from this duct. 

Superheaters are designed to superheat 120,000 lb. 
of steam per hour to a final temperature of 735 deg. F. 
or what is equivalent to 215 deg. superheat at 804 lb. 
pressure. The superheater units differ from usual prac- 
tice in that a thicker gage tubing is used and the headers 
are of special construction, each header being forged 
separately. Unlike the Morgan & Wright and A. E. 
Staley Co. installations, the superheater units are placed 
horizontal instead of vertical. 


ASHES REMOVED BY WATER SLUICE 


Details of the Hydrojet ash removal system are 
shown in Fig. 2. Once each day the power-driven ash 
gates are opened and the ash accumulation on the fur- 
nace bottoms is allowed to drop on the slightly sloping 
feed plates immediately beneath. From this point the 
ashes are washed by means of feed nozzles, through 
heavy east-iron grids directly over the sluiceway, as indi- 
cated on the drawing. 

They are carried along this sluiceway into a sump, 
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and from this sump they are raised approximately 30 ft. 
and pumped a distance of about 600 ft. for fill by means 
of a Manganese steel pump, driven by a 40-hp., 900- 
r.p.m. motor. The water consumption in the sluiceway, 
including the feed nozzles is furnished at 100 lb. pres- 
sure and should not exceed 600 g.p.m. when moving ashes 
at the rate of 25 t. per hr. The system is entirely 
enclosed to prevent dust, fog or water from entering the 
ash basement. 

The only labor involved in emptying the ash hoppers 
is the turning of the four-way cocks to open the ash 
gate doors and the starting and stopping of the pumps. 
One man, working considerably less than an hour a 
day, can take care of the ashes from the two steam 
generators and deliver them to a point 600 ft. distant 
from the power house. The total power cost is approxi- 
mately 2c per ton of ashes and to date there has been 
no maintenance in connection with the ash handling 
equipment. 

This installation in the industrial field ranks in im- 
portance with the initial 1200-lb. installation at Edgar 
and Lakeside. Final tests and operating figures, when 
they are published, will undoubtedly have an important 
influence on industrial power plant application and 
design in the future. 


Generating Capacity in Dixon Station Increased 


New 12,500-Kw. TurBINE INSTALLED TO OPERATE 212-Lp. Gace UNTIL OLD 
EqQuipMENT Is REMOVED, THE PRESSURE WILL THEN BE INCREASED TO 375 LB. GAGE 


phate ADDITION to the connected load and in- 
creased consumption of present public utility cus- 
tomers due to the industrial growth in Northern Illinois 
made it necessary for the Illinois Northern Utilities Co., 
Dixon, Ill., to make considerable extension of their 
distribution system and install additional steam generat- 
ing equipment to supplement their present steam gener- 
ating and hydro generating station. 

One of the most interesting of the company’s installa- 
tions is the 12,500-kw. steam turbine added to the steam 
plant. This station, which was described in the Feb- 
ruary 15, 1919, issue of Power Plant Engineering, 
originally had a total generating capacity of 4500 kv.a. 
Later this was increased to 6000 kw. by the installation 
of a new turbo-generator and new boilers. 

The boiler equipment of the original station and its 
first addition was designed to operate at 225 lb. gage, 
200 deg. superheat. The generators were connected to 
a low voltage bus, the transformers serving either unit. 
The new 12,500-kw. turbine, shown in Fig. 1, increased 
the plant capacity to 18,500 kw. The new generator is 
connected directly to the low voltage side of three 
6000-kv.a. water-cooled single phase transformers. The 
new unit was installed in the original plant with the 
intention of removing the smaller low pressure turbines 
sometime in the future and replacing them with a 
12,500-kw. or larger machine. 

For this reason, the new boilers and turbo-generators 
are designed for 375 lb. gage, 250 deg. superheat, al- 
though they are now operated at 225 lb., 200 deg. super- 
heat so that the old and new boilers and all three 
turbines can be operated in any combination desired. 














FIG. 1. VIEW OF THE NEW 12,500-KW. TURBO-GENERATOR 
INSTALLED IN STEAM STATION IN DIXON, ILL. 


When the old turbines and boilers are removed, the 
operating pressure will be raised to 375 lb. and the 
superheat increased to 250 deg. 

Boiler room, turbine room and screen house design 
is well illustrated by the cross-sectional drawing shown 
in Fig. 2. Two 7502-sq. ft. boilers with superheaters 
and economizers are fired by chain grate stokers. The 
economizers have a heating surface of 3648 sq. ft. The 
turbo-generator is a 12,500-kv.a., 80 per cent power fac- 
tor, 1800 r.p.m., 375 lb. gage, 200 deg. superheat, 11,400 
v. three-phase, 60-cycle machine with turbine designed 























POWER PLANT 


April 1, 1928 


19 


MONTHLY KWHR OuTPUT 


100,000 


400,000 






ENGINEERING 403 


MONTHLY KW.HR 


LB. OF COAL PER Kw.HR 


FIG. 3. CURVES OF THE STATION OUTPUT IN KILOWATT-HOURS AND PLANT PERFORMANCE IN POUNDS OF COAL 
PER KILOWATT-HOUR GENERATED 


for bleeding at two points for feedwater heating. The 
turbine is set over an 18,000-sq. ft. surface condenser, 
served by one 20,000-g.p.m. motor driven circulating 
pump. Twin air ejectors with a total capacity of 20 
eu. ft. per min. at 2.5 in. absolute are installed. Con- 
densate is handled by two 2-stage, 6-in., 400-g.p.m. cen- 
trifugal motor driven condensate pumps which remove 
the condensate from the hotwell, pump it through the 
generator air coolers, the ejector inter and after cooler, 
through the bleeder heaters to the open feedwater 
heaters. 

As shown in Fig. 3, the operating record of the 
station measured in pounds of coal per kilowatt-hour has 
improved steadily until it is now well below 2 lb. The 
final large reduction during the fall of 1926 indicates 
the installation of the new 12,500-kw. machine. Just 
what effect the addition of this unit on the station had 
is well shown by the comparison of the operating figures 
for February, 1926, and February, 1927, as given in 
Table I, 

The new equipment which was put into service 
August 10, 1926, reduced the heat consumption of the 
station from 28,750 to 21,009 B.t.u. per kw-hr., or almost 
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27 per cent. As can be seen from Fig. 3, February, 
1926, represents a low point in the plant operation and 
February, 1927, a high point, the respective station load 
factors for the month in 1926 and 1927 being 35 and 


TABLE I. SHOWING THE EFFECT OF THE NEW UNIT ON 
THE HEAT ECONOMY OF THE STATION 


February, February, 


Item 1926 1927 
Wise CANGGIEW. EW. 5.6.0.6 6 cccco ce nt ccccees 6,000 18,500 
Rated capacity of boilers, b.hp........... 2,750 4,2 
Total generated, kw-hr.........--cccccecs 1,486,400 3,027,000 
Maximum hourly generation, kw......... 6,300 11,000 
Maximum 15 min. peak, kw............+-- 6,300 12,000 
Power factor, Wiss. Bree cscccccccsscccccs 8 98 
Voltage through DUB... ccccccccccccccesce 2,460 2,370 
SERA MOE hiv cv adnctccceecavececes 35 40.9 
Station operating capacity factor......... 58 42 
Station service fTactOF. ... cccccccsccccccs 100 87.2 
Average heat transfer, B.t.u. per sq ft. of 

MGMANGl SUNTENOGl os ces cceccucccesegacees 4,266 3,920 
Steam pressure—main unit, Jb. SASO..... 193 195 
Superheat—main unit, deg. F............ 172 178 
Exhaust pressure—main eit in. abs.... -36 .325 
Total WELGF GVEDOTAIER . cove cccccccccccce 27,667 38,955 
Makeup water, per cent........-seeeeeees 11 4.6 
MN CONT SU a cccdeteecuehetndesccoseeeews Lump Lump 
Cost of fuel in bunkers, WO Csesdcaccewee $4.66 $4.39 
Cost of handling fuel, MaMa Ud. oss 6 c6 ce $0.05 $0.044 
Cost of refuse removable, WO Srccdkcccuae $0.104 $0.033 
Fuel in aveeee. Wis e4eeenencedecavecedace 5167 5617 
Pa Bo oS ee ee ences or 3788 5529 
B.t.u. per Ib. ba fired. PE Chaeearemxteannune 11,500 11,500 
Boiler efficiency, per cent................ 72 73.2 
Steam per kw-hr. output, Ib.............. 20.3 13.1 
Fuel per kw-hr. output, Ib............... 2.50 1.83 
BRC BOP Metemee GUGe ec ec cidccaecesoee 28,750 21,009 

FIG. 2. CROSS SECTION OF THE BOILER AND 


TURBINE ROOM SHOWING THE LOCATION OF 
THE EQUIPMENT 








40.9 per cent. For the months of March when the 
station load factors were 38 and 34 per cent respectively 
for 1926 and 1927, the B.t.u. per kw-hr. dropped from 
28,750 to 22,450, or about 22 per cent. 

During the year 1926, the output of the station in- 
creased from 1,677,700 kw-hr. in January to 2,705,500 
kw-hr. in December, with a corresponding reduction in 
production cost from $0.0079 to $0.0058 per kw-hr. This 
difference was due largely to lowered fuel costs. 

These values, of course, represent extreme months. 
The average saving as computed by the engineer several 
months after the new unit was put into -operation 
amounts to about $0.0016 per kw-hr. This calculation 
makes no allowance for variations in the coal cost but is 
based on increased boiler efficiency of from 70 to 73.5 
per cent and a reduction of water rate from 13.25 to 
11.50 Ib. of steam per kw-hr. This cuts the fuel cost 
per kw-hr. from $0.00593 to $0.00486. Actually the 
plant efficiency is being gradually increased from month 
to month, making it difficult successfully to predict fuel 
savings which might be expected. 


Gluttons for Punishment 


“6 ELL, if I’m not a glutton for punishment!’’ 

growled a voice in the editor’s ear as that worthy 
sat in the engineering society’s lecture hall, puffing con- 
tentedly on his pipe and waiting for the lecture on 
Turbo-generators to begin. Without looking around, 
the editor immediately recognized the voice as belong- 
ing to his neighbor at the previous meeting, the gray- 
haired, thick-set man who had grumbled so lustily about 
the speaker’s long introduction. 

“*Yes, sir!’’ continued the thick-set man, seating 
himself beside the editor and lighting his pipe, ‘‘I 
always come back for more. I realize that somewhere, 
sometime, even if the lecture isn’t much good, I may 
pick up a little dope I can use. Then, too, it gives me 
a chance to meet the boys and talk about the new Ford 
and how I got Australia on the loud speaker last night. 
That’s worth a whole lot.’’ 

He puffed at his pipe while the chairman introduced 
the speaker of the evening. Suddenly he growled, ‘‘Ye 
gods! he’s gonna read the thing from a manuscript! If 
there’s any better way of putting an audience to sleep, 
I don’t know it. Oh, well, I’m here now, so I guess I’ll 
stay a while.”’’ 

After about 20 min. of somnolent silence, during 
which the lecturer had read steadily from his paper in 
a thin, monotonous voice scarcely audible half-way back 
in the hall, the editor’s neighbor came out of his trance 
and growled again. 

‘‘Say, don’t this guy know there’s an audience 
here?’’ he rumbled. ‘‘He hasn’t looked up from his 
manuscript once. And why don’t he speak louder? 
Wouldn’t you think some of these guys would take the 
trouble to ask the men in the back seats if they could 
hear all right? Then we could hear, too. But the 
worst thing is reading the paper! He’s supposed to be 
a specialist on turbines, isn’t he? Then why don’t he 
at least act like an authority? At least he could memo- 
rize the blasted thing and talk as if he knew all about 
i 
‘‘(th-huh!’’ returned the editor sleepily, gradually 
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waking from his doze to discover that the text of the 
speaker’s paper contained some good material, the effect 
of which was utterly spoiled by his poor delivery. 

‘*By the way,’’ the editor went on, ‘‘did you know 
that the A. S. M. E. had a professional public speak- 
ing coach help some of the speakers before the last 
annual meeting? I hear he made great improvements 
in the delivery of some of the papers.’’ 

‘‘Say, that’s a good idea,’’ responded the thick-set 
man, waking up a little. By this time, the audience 
was restless and was beginning to talk and shuffle feet. 
But the speaker, his eyes glued to his manuscript, droned 
on oblivious of this. 

‘*Yes,’’ continued the editor’s neighbor,’’ that’s a 
good idea. It’s too bad every engineer can’t have some 
training in publie speaking. The public compares engi- 
neers with other professional men like doctors, lawyers, 
architects and you know what a blamed poor showing 
the average engineer makes in speaking when compared 
with the others.’’ The editor nodded his agreement. 

‘‘And another thing—’’ the thick-set man rumbled. 
‘‘Why ean’t copies of these papers be sent out for exami- 
nation by members before they are delivered, so we can 
prepare some discussion of them? Why, that’s the most 
valuable part of the whole thing! Then the speaker 
could just give a short abstract of his paper and then 
proceed to the discussions. There’s hardly a case in 
which the author couldn’t have his paper in the hands 
of the society two weeks before delivery. Of course, 
some speakers are afraid of discussion. And then, lots 
of ’em have their vanity tickled by standing up there 
and making believe they are delivering a speech when 
all they do is put the gang to sleep. Bah! What a 
waste of time! What do we get out of it? We'd be 
better off to sit around and smoke and just visit with 
the boys.’’ 

“Well, why don’t you make your kick to the program 
committee?’’ suggested the editor. 

‘By golly, that’s just what I’ll do!’’ ejaculated the 
thick-set man, knocking the ash out of his pipe and 
gathering up his coat and hat, as the lecturer finally 
reached ‘‘In conelusion.’’ ‘‘I’ll do that and I’ll tell 
‘em just what I think of these speakers that mumble into 
a manuscript instead of addressing the audience. They 
ought not to be allowed on the platform! Oh, I know it 
won’t do any good’’—as he noted the editor’s derisive 
grin—‘‘but at least I’ll get it off my chest. Boy, I sure 
will tell ’em!’’ 

Here the lecturer turned the last page of his MS. 
and the chairman asked if there was any discussion. As 
those of the audience who had not walked out had re- 
mained only in a state of suspended animation, there 
was naturally no discussion. 


Contract has been signed by The United Gas Im- 
provement Co. and the Erie County (Pa.) Electrie Co.. 
under which U. G. I. will act as consultant and assist 
in the management of the Erie company, according to 
an announcement made recently by Arthur W. Thomp- 
son, president of The U. G. I. Co. ‘‘We consider it a 
compliment to our organization,’’ Mr. Thompson said. 
‘‘that the Erie County Electric Co., in which U. G. I. 
has no financial interest, should seek our help.’’ 
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The Reactive Component in A. C. Circuits 


Part III. 


Power Factor IMPROVEMENT. 


OWER FACTOR in electrical apparatus is not a 

thing that can be easily controlled like voltage or 
load. The power factor characteristics of electrical ap- 
paratus are determined by its design and the magnitude 
of the wattless component cannot, except in special cases, 
be controlled. Power factor improvement is therefore 
largely a matter of economically generating and dis- 
tributing the necessary reactive current. 


Take, for example, the simple case of a 100-hp. motor 
having a reactive component of, say, 40 kv.a. at full load. 
The ordinary source of this wattless current would be the 
supply generator, and if the line losses are inconsider- 
able and the equipment capacity ample, this would be 
economically and electrically satisfactory and sound. 


On the other hand, if the existing load conditions 
are such that the addition of this motor will necessitate 
the installation or operation of an additional unit, or if 
the feeder capacity is limited, it might be more economi- 
eal to supply the 40-kv.a. reactive component from a 
source other than the generator. It would ordinarily 
be desirable to locate this external source near the nétor 
in order to reduce transmission losses. 


GENERAL PRINCIPLES OF PowER FActor CoRRECTION 


In general, the example of the single motor above 
illustrates the procedure that must be followed in im- 
proving the power factor conditions. There are essen- 
tially only two basic courses open—either the demand for 
wattless current must be reduced by changing the nature 
or the operating conditions of the utilization apparatus, 
or else corrective equipment must be installed. 

It must, however, not be assumed that wattless eur- 
rent can in all cases be most economically supplied from 
external sources, for after all, the greater portion of it is 
now and perhaps always will be supplied from the gen- 
erating units. It is evident that from the standpoint of 
the generating unit itself, an economy of material results 
from the simultaneous generation of reactive and power 
componenis in the same windings. Under this condition 
the total current is the vector sum of the components. 

If, on the other hand, the reactive current is gen- 
erated in one unit, while another, operating at unity 
power factor, is used for the power component, the total 
current capacity must be equal to the arithmetical sum. 

Example: Assume a load of 100 kv.a. at 70.7 per 
cent power factor. The power and reactive components 


THE GENERAL PRINCIPLES GOVERNING 
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will be 70.7 kw. and 70.7 kv.a., respectively. If one 
generator supplied these simultaneously, its capacity 
would need to be 100 kv.a. If they were generated in 
separate machines, each would need to be 70.7 kv.a., 
making a total of 141 kv.a. This power factor is the 
limiting condition. 





A LARGE SYNCHRONOUS CONDENSER FOR POWER 


FIG. 1. 
FACTOR CORRECTION ON TEST AT THE FACTORY 


The economy of rating so effected would be offset in 
varying amounts by the design characteristic of the 
generators, which would determine the amount of excita- 
tion required under the two operating conditions. It 
should also be noted that at other power factors, either 
higher or lower, the required excess capacity becomes 
less, approaching zero as they approach unity or zero. 

If the power factor is no lower than that for which a 
station is designed, there is no wasted prime mover or 
boiler capacity. If it is higher, there is a waste of 
generator capacity due to the inability of the prime 
mover to handle the increased power output. Maximum 
utilization would come at the rated load conditions, at 
which operating point the investment per kilowatt out- 
put would be at a minimum. 

It has become almost universal practice to rate gen- 
erating units at 80 per cent power factor, and stand- 
ardization on this point has reduced manufacturing 








costs. Under conditions where some other rating ap- 
pears to be desirable, the final decision should take into 
consideration the added cost of special designs. 

Although supplying wattless current from the gen- 
erators may, under certain conditions, be the cheapest 
from the standpoint of production cost at the machine 
terminals, this is seldom the determining feature. The 
real basis on which an analysis should be made is that 
of cost at the point of utilization, namely, the motor 
terminals. This would include all of the various items 
of transformation and transmission losses and charges 
which are affected by the amount of current flow, and by 
the phase relations in the circuit. 

Inasmuch as low power factor increases the voltage 
regulation, it may somewhat affect the quantity or qual- 

















A GROUP OF STATIC CONDENSERS FOR POWER 
FACTOR CORRECTION 


PiG. 2. 


ity of the output of electrically driven machinery. There- 
fore, theoretically, the cost of energy should be based on 
the unit of product output rather than on the kilowatt; 
this may, however, be very difficult to measure accurately 
and fairly. 


MAKING A SURVEY 


Primarily, a careful survey of the existing condi- 
tions must be made, with a view to obtaining informa- 
tion somewhat as suggested by the following outline: 

1. The present power factor conditions, with par- 
ticular reference to the total cost of the wattless current 
used. This cost analysis should take into consideration 
the value of reclaimed equipment capacity, the effect of 
power factor penalty clauses (where power is pur- 
chased), the additional income netted from the opera- 
tion of such power factor clauses (where power is sold 
subject to them), the cost of additional losses chargeable 
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to the wattless component and the consequential losses 
due to impairment of service. 

2. The cause of the undesirable power factor con- 
ditions. This requires a detailed study of existing and 
proposed motor and other applications. Changes in 
existing installations should be noted, but approached 
with caution. The selection of new equipment should 
be made with reference to all of the conditions to be 
met. 

3. The cost of improving power factor by means of 
a rearrangement of the present equipment should be 
estimated as closely as possible. This should be balanced 
against the cost of the wattless current as determined in 
paragraph 1 above. The power factor after the change 
can be pre-calculated by using the apparatus perform- 
ance data in connection with duty cycles determined by 
the nature of the load. Particular attention should be 
paid to the reduction of peak loads. Under this general 
heading would come the reduction of idle connected 
horsepower by substitution of smaller motors, or group- 
ing them to permit the use of larger units. 

4, The cost of substituting other types of motors for 
those at present installed should be carefully investi- 
gated. Synchronous and compensated induction motors 
may be used to advantage on many applications, the 
cost and operating features being balanced against the 
cost of group correction to be considered later. 

5. The cost of power factor improvement by pro- 
viding separate sources of wattless current, such as static 
condensers and synchronous phase modifiers should be 
compared with the expense and saving under paragraphs 
3 and 4 above. It should be borne in mind that it is 
usually cheaper to install synchronous motors in con- 
nection with a mechanical load, particularly if the cor- 
rective kv.a. required is not excessive. 

6. The survey so made should be used as a basis for 
determining : 

A. Whether the power factor needs correcting. 

B. How it can best be corrected, and to what extent. 

C. Whether the cost is justified. 


CORRECTION BY RE-ARRANGEMENT OR CHANGING OF 
Morors 


From the standpoint of power factor, overmotoring a 
drive is undésirable, due to the proportionately high 
wattless current. It should, however, be borne in mind 
that the running horsepower of a load is not always the 
determining factor, and that frequently excess capacity 
is required by other operating conditions, such as high 
starting duty, intermittent peaks, or high ambient tem- 
perature. 

Examples: 

A. A conveyor which, due to the nature of the mate- 
rial handled, sometimes ‘‘sticks’’, may require high rat- 
ings for short periods. 

B. Apparatus with intermittent characteristics must 
be motored to carry the peak. 

C. Motors installed in very dirty places require lib- 
eral ratings. 

D. Special operating hazards such as sometimes met 
in textile mills and the like, may require large excess 
ratings. 

If there are no limitations similar to the above, each 
motor should be considered with reference to the pos- 
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sibility of a reduction in size, or increase in speed. This 
can often be accomplished without the purchase of addi- 
tional equipment, by merely re-arranging the existing 
installation. The use of synchronous motor drives or 
compensated induction motors will reduce the wattless 
component, but may be impractical from other stand- 
points. The latter type has a corrective factor arbi- 
trarily fixed by the design and ordinarily not easily 
adjusted, thus necessitating an appropriate balancing of 
operating capacities between them and the non-com- 
pensated apparatus. 

A number of practical considerations may make any 
motor change undesirable or uneconomical. The ex- 
pense would usually be high, as it would necessarily in- 
elude any loss due to the interruption of production 
during the period of change-over. Increased mainte- 
nance costs and the possibility of decreased reliability 
from the use of more complicated motors would also be 
a charge against the new installation. With ‘‘built-in”’ 
motors, the procedure would be out of the question. 

On the other hand, loads of fairly large size, that 
run continuously without excessive peaks are well 
adapted to synchronous motor drive. Starting duty 
beyond the torque of an ordinary motor may, if the ap- 
plication is otherwise desirable, be provided for by 
means of special clutches and similar unloading devices. 


CORRECTION BY EXTERNAL SOURCES OF WATTLESS 
CURRENT 


If the survey and motor study indicate that it is un- 
economical, impractical, or otherwise undesirable to 
change the sizes or types of the existing motors, and if 
no proposed additional load presents any features that 
may employ to advantage synchronous or compensated 
motors in sufficient ratings to improve the power factor 
conditions, recourse must be had to separate sources of 
wattless current. 

The simplest and most direct method of supplying the 
wattless component is by providing excess generator 
capacity. Under many conditions this may be objection- 
able because it necessitates an unbalance between prime- 
mover and alternator ratings, and because it compels the 
out-of-phase current to flow through an unnecessary 
length of conductor. Under some conditions it is pos- 
sible to utilize the generator end of stand-by equipment 
as a synchronous condenser; this requires special pre- 
cautions to prevent damage to the prime mover. 
Furthermore, if the load is such as to require the use 
of ‘‘stand-by’’ for everyday service (even as corrective 
equipment), there is evidently very little spare capacity 
to fall back on in the case of an emergency. 

The synchronous motor was the first type of machine 
to be used as a phase modifier, and is still supreme in 
this field. There is some disadvantage due to the high 
first cost in the smaller sizes, the need of direct current 
excitation, the noise and vibration, and to the necessity 
of at least some attendance. On the other hand, it is 
reliable and efficient, and provides a means for readily 
adjusting the amount of correction. 

Static condensers are a comparatively new applica- 
tion of an old and well known principle. They are built 
for various voltages from 220 up to 5000 and in ca- 
pacities up to about 300 kv.a. The corrective effect is 
fixed and cannot be changed without disconnecting some 
of the component units, so that adjustment can at best 
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be made only in a few fairly large steps. On the other 
hand, the cost for the available ratings is low as com- 
pared to a synchronous machine, there is no noise or 
vibration, foundations need be designed to carry only 
the dead weight and no attendance is necessary. If the 
service is interrupted, the restoration of power automati- 
cally puts it back on the line. It is available for outdoor 
service and can, therefore, be applied in a great many 
places where a synchronous phase modifier would be out 


of the question. 
_ The following tabulation gives a rough comparison 
to serve as a guide in choosing between the two: 


Static Condenser 


Synchronous Phase Modifier 





Cost 
Installation 


Foundation 


Lower up to about 300 k.va. 
Very simple. 


Sufficient for dead weight 
only. 


Lower above about 300. 


Must be lined up and 
leveled. 


Must suffice for a rotating 
machine. 


Noise and 

Vibration None. Depends on size and speed. 

Location Anywhere, indoor or out- Not desirable where noise 

door in residence section. and vibration are objec- 
tionable. 

Adjustment Cannot be adjusted. Capable of automatic 

For lagging PF only. or manual adjustment to 
maintain either constant 
PF or constant voltage un- 
der either leading or lag- 
ging current conditions. 

Efficiency Very high.* Not so high. 

Control . 

Apparatus Very little required. Considerable _ required. 
However, this permits 
flexible operation. 

Attendance Limited. Is self-starting Some required for oiling, 

after an interruption. adjustment and re-start- 
ing after an interruption. 

Life Very long. Very long. 

Localized 


Application 


The cost of a static con- 
denser is proportional to 
the rating, so that it is 
possible without excessive 


The cost for small units is 
high so that correction is 
limited to the bus or to 
groups. 


cost to split the corrective 
capacity up into small 
units located near the ap- 
paratus requiring magne- 
tizing current. 


*Cost of power per kw. must therefore be considered, a high rate 
favoring the static condenser. 





Static condensers, or capacitors, may be applied to 
individual motors, in which case the corrective kilovolt- 
amperes are supplied directly at the utilization point, 
thus eliminating all transmission loss. <A fixed capacity 
applied to an induction motor under variable load will 
result in a variable resultant power factor, but will hold 
it within comparatively narrow limits. This is due to 
the fact that the reactive component of an induction 
motor changes only about one-tenth as much as the 
horsepower output, increasing on a 25-hp. motor only 
about 9 per cent, while the load grows from 50 per cent 
to 100 per cent rating. 

The following tabulation is based on performance 
data covering a few ratings in common use, and indicates 
the results that are obtained with fixed corrective ca- 
pacity and varying load. The motors are of the squirrel 
cage type, and rated at 220 v., 60 cycles, 3 phase. 


Half Full Resultant 
load load Con- power factor 
reac- reac- denser Half Full 
tive tive capacity load load 

Hp. Rpm. __ kvaa. kv.a. —_ kv.a. % % 
5 1760 2.03 2.45 2 100 100 
10 1760 2.32 3.90 2 99 98 
25 1160 7.35 8.10 6 99 99 
50 870 19.4 23.2 10 91 95 
100 870 32.0 39.8 20 96 97 
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On the other hand, group correction will not be accu- 
rate when the reactive component is varied, due to the 
intermittent operation of the individual motors, unless 
the number of active units in the capacitor be changed. 


CORRECTION BY THE ADDITION OF LoADs WITH HIGH 
Power FACTOR 


Aside from the preceding methods of improving the 
power factor conditions, it is possible to decrease the 
angular displacement by adding loads with inherently 
small reactive components. This solution cannot always 
be used in correcting the conditions existing in indus- 
trial plants, but if the manufacturing process permits the 
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use of electrical heat, it may be possible to substitute this 
for gas or other fuel and so reap double benefits in the 
form of better power factor and more satisfactory proc- 
ess work. 

Central stations are in a more favorable position in 
obtaining improvement by this method. Domestic and 
commercial cooking appliances operate at almost unity 
power factor and their use should be encouraged. For 
similar reasons, the various types of industrial heaters 
form exceedingly desirable loads. Furthermore, this type 
of load is in itself profitable, so that the resultant cor- 
rection is really a by-product that accrues to the utility 
without cost. 


Apparatus for Transmission Systems” 


DEVELOPMENT OF THE KLYDONOGRAPH AND THE Du Four OSCILLOGRAPH 
Great Factors IN TRANSMISSION Linge ResEarcH. By A. C. MoNTEITHT 


HE MUCH discussed question of stability is just an- 

other way of considering continuity of service. It is 
recognized that a limited amount of power can be trans- 
mitted over a given line without loss of synchronism. In 
order to keep the fixed charges per kilowatt a minimum, 
as much power is transmitted per circuit as possible. 
The nearer the line is operated to its limit the greater 
will be the probability of outage in case of a disturbance. 
The question naturally follows, how close can the line be 
worked to this limit and give reasonable service? The 
interruption placed on reasonable service will be a large 
factor in the answer. 

The general principles to be considered in the layout 
of a system to insure good service are briefly as follows: 
Use of low series reactance. 

Maintenance of machine voltage. 
Protection against surges. 

Rapid and selective isolation of faults. 
Layout of systems to limit short circuits. 

6. Supply of reactive power as close as possible to 
the point in which the demand originates. 

Very little can be done in the transmission line itself 
to decrease the series reactance but during the last year 
or more in certain cases the use of lower leakage re- 
actance in machines has been found economical. 

The maintenance of machine voltage or more accu- 
rately the air gap fiux in synchronous machines may be 
accomplished in two ways, either by the use of low syn- 
chronous reactance or by the use of quick response ex- 
citation system. The latter is very much less expensive. 


Ot 99 bo be 


PROTECTION AGAINST SURGES 

Surges on transmission lines may be caused by light- 
ning or switching operations. Lightning is one of the 
worst sources of trouble. In the last 2 or 3 yr. rapid 
progress has been made in acquiring reliable informa- 
tion on lightning phenomena. 

There are three predominating questions when con- 
sidering lightning protection; first, the nature and mag: 
nitude of the voltages which give rise to the need for 
protection; second, the way these voltages are affected 
by protective devices and third, the effect of such volt- 
ages, as they originate and as they are modified by pro- 


*Abstract of a paper presented at the Midwest Power 


Conference. ’ 
+General Engineer, Westinghouse Electric & Mfg. Co. 


tective devices on apparatus installation. All of these 
phases of the problem have been uncertain largely owing 
to the great difficulty of measurement of phenomena 
occurring in such extremely brief intervals of time. The 
study of the actual voltages on lines introduced by 
lightning is doubly difficult because of the fact that 
these voltages may appear at any instant and that the 
interval between occurrences is millions of times as long 
as the actual duration of the voltage. 

The development and introduction of the klydono- 
graph by J. F. Peters, in 1923, gave renewed impetus 
to the study of these voltages. This device made pos- 
sible for the first time the measurement of lightning 
voltages with a reasonable degree of accuracy. The 
characteristic which makes this device of particular 
value for such work is that, although it will operate for 
a week or more without attention, it will record the 
magnitude of voltages which last for only a fraction of 
a millionth of a second. 

It is evident that increased knowledge of the magni- 
tude of voltages introduced by lightning ean do rela- 
tively little to improve the conditions in general without 
a knowledge of the way protective devices act under the 
influence of such voltages. K. B. MeEachron introduced 
into lightning arrester research the DuFour Cathode 
Ray oscillograph, developed by Alexander DuFour in 
France during the period from 1914 to 1920. This 
instrument makes possible laboratory studies of the per- 
formance of protective devices with as much certainty 
and precision as can be obtained with the well-known 
vibrator type of oscillograph. Voltages and currents 
with a total duration of only a few micro-seconds can be 
completely pictured with assurance. 

The increasing realization of the importance of elim- 
inating line insulator flashovers and the indications by 
klydonograph studies that merely increasing line insula- 
tion is unlikely to accomplish this result, has led to 
consideration of preventing these flashovers by protec- 
tive devices. 

Some study has been made of the possibility of re- 
ducing flashovers by the use of lightning arresters dis- 
tributed along the circuit and it is felt that this has 
considerable promise. Relatively small and inexpensive 
arresters will serve, provided they have characteristics 
making them faster in operation than the insulators 
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being protected. The permissible spacing between ar- 
resters for complete elimination of flashovers depends 
on the relative time of operation of the arrester and 
flashover of the insulator at any particular voltage. 

The advantage of rapid and selective isolation of 
faults on transmission systems from the service view- 
point is recognized. Careful study of the performance 
of systems has indicated that considerable improvement 
in service can be obtained by proper relaying. The oil 
cireuit breakers must also be of ample capacity to clear 
the fault. 

There have been few changes in the past year in 
the relaying as applied to the ordinary system, and a 
very complete line of relays, which have proven them- 
selves, is available. 

The interconnection of large power systems requires 
special treatment to give a relay scheme that will secure 
proper sectionalization for the present system but allow 
future revisions and extensions. The main difficulty in 
the relaying of these interconnected systems is the fact 
that it is possible under some conditions of operation 
to get fault currents less than maximum load currents 
under other conditions. 

Pilot wire schemes of protection are used and ap- 
proach the ideal, but the difficulty of installing and 
maintaining the pilot wires prevents their use on all but 
the shortest lines. For back-up relay protection addi- 
tional relays are required. 

Some attention has been given to the use of super- 
imposed high frequency potentials and currents on the 
transmission lines in the past year. The advantage of 
this scheme over the pilot wire scheme lies in the fact 
that no additional wires are required. 

One scheme uses high frequency current produced 
by separate equipment at each end of the section of the 
line. The equipment is connected to the transmission 
line through current transformers in such a way that 
the emission of impulses is controlled by the direction 
and amount of line current. Reception of the impulses 
at the other end of the line is controlled by current 
transformers and the complete arrangement is such that 
the radio relays will permit the breakers at each end of 
the line to be tripped whenever the power current flows 
into the section from both ends. The actual tripping 
is done by overcurrent or directional relay of the con- 
ventional type. 

Another scheme makes use of a lower frequency of 
say 500 to 2000 cycles. The super-imposed high fre- 
queney potential is generated by small 3 phase gen- 
erators situated at various points on the system. The 
frequency used is high enough that very little current 
will leak through the power apparatus because of its 
high impedance to high frequencies. When a fault oc- 
curs, the nearest high frequency generator causes a 
heavy current to flow and operate relays at each end of 
the faulty line. 

Both of these schemes have features which appeal to 
the protection engineer but they are still in a more or 
less experimental state. 

There has been no fundamental change in the 
method of circuit interruption. Companies engaged in 
the manufacture of circuit interrupting devices are 
spending considerable money investigating all leads that 
might result in a device for opening power circuits other 
than by an oi! -ireuit breaker. The oil circuit breaker, 
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however, remains the universal commercial switching 
device. 

Attention should be given to the system layout and 
the supply of reactive power on large interconnections. 
Miniature systems have been operated for steady loads 
and under transient conditions. This method has 
worked out particularly well to show the improvements 
possible by means of intermediate condensers on long 
transmission lines. Another form of miniature system 
has been found exceedingly useful, that is, the mechani- 
cal analogy for representing performance of power sys- 
tems. During the past year the mechanical model 
developed by Mr. Griscom has been utilized for illus- 
trating the fundamental factors entering into the trans- 
mission problem. More recently the model has been 
adapted for the solution of complex systems. 

Considerable test work has been done on actual sys- 
tems in the past few years both with staged tests and 
chance tests. There are several instruments available 
for this class of work. The Hall recorder has been in- 
stalled on systems to measure current and voltage 
during transient conditions. Automatic oscillograph in- 
struments have also been developed and used for 
measuring voltage, current, power, reactive power and 
mechanical movements all of which are recorded on a 
film usually of the daylight loading type. This oscillo- 
graph apparatus can be placed in operation automati- 
eally by the use of suitable initiating relays. 


Procedure in Starting Up a New 


Generator 
A. L. Cooper of the Holly Sugar Corporation, Swink, 
Colo., has directed our attention to an error in the article 
under the above title on page 253 of the Feb. 15 issue. 


220 Volt Lamps’ 


220 Volt Generarvor 


FULL BRILLIANCY METHOD OF SYNCHRONIZING 


This error is in the diagram, Fig. 2. The lamp connec- 
tions, instead of being as shown, should be reversed as 
in the accompanying diagram. This error is not the 
author’s but occurred in redrawing the original sketch. 


CopEs For the prevention of dust explosions in termi- 
nal grain elevators and flour and feed mills have just 
been adopted as American Standards by the American 
Engineering Standards Committee. Preparation of the 
codes was sponsored by the United States Department 
of Agriculture and the National Fire Protection Asso- 
ciation, working with a Sectional Committee of the 
A. E. S. C. Standards were recently adopted also for 
pulverized fuel systems, starch factories and pulverizing 
systems for sugar and cocoa. Others are being studied 
at the present time for sulphur crushing and pulveriz- 
ing, spice grinding and pulverizing, wood working and 
pulverization and atomization of metals. 
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Typical Installations of Unit Heaters 


DESCRIPTION OF TYPICAL INSTALLATIONS OF UNIT HEATERS IN INDUSTRIAL 
BuILpInes, CALCULATION OF Heat Losses AND SELECTION OF EQUIPMENT 


NDUSTRIAL plant engineers are becoming more and 
more interested in the subject of unit heaters for all 
sorts of heating applications. It is the purpose of this 
article to discuss briefly some of the factors entering into 
the problem of selecting the proper unit heaters and lo- 
cating them in the industrial buildings so that they will 
give the most comfort to the occupants at the lowest cost. 
As every engineer knows, a unit heater consists of a 
heating element of some sort, usually heated by steam, 
through which air is drawn or blown by a fan. The 
object of the arrangement, of course, is to increase the 
radiation of the heating surface and at the same time 
to direct the heated air in such a way as to produce air 
circulation with effective heating. While a radiator gives 
off about 240 B.t.u. per sq. ft. per hr., the average unit 
heater will give off about 1500 B.t.u. per sq. ft. per hr. 
with 5 lb. steam pressure and 60 deg. room temperature. 
Unit heaters are used sometimes for drying in indus- 
trial processes and for similar applications. Then there 
are the recently developed types for office building and 
domestic use. Some of these employ fans while, in 
others, air is drawn through the heating element by 
natural circulation. Discussion of these types of heaters 
is beyond the scope of this article. 


HEATERS FOR INDUSTRIAL BUILDINGS 


Two general types of heaters, the floor type and the 
ceiling or suspended type, are used for heating indus- 
trial buildings. There seems to be considerable differ- 
ence of opinion among manufacturers of this equipment 
and also among heating engineers as to which is the 
better type to use. Many installations of each type have 
been in successful operation for long periods. The engi- 
neer must be guided, therefore, by considerations pecu- 
liar to his own plant conditions. 

The problem is further complicated by the fact that 
there are many variables and no two sets of heating 
conditions are exactly alike. Manifestly this is so be- 
cause of the great difference in area, in height, in ex- 
posure and construction of the industrial buildings as 
they are met today. There are, however, several prin- 





INSTALLATION OF UNIT HEATERS IN PLANT OF 
WELDING COMPANY 


FIG. 1. 


ciples that, with modifications, will guide one aright in 
nearly every case. 

Before a heating engineer can determine at what 
point he will locate a unit heater, he must study the 
building; he must consider the floor area, the height of 
the building, its exposure and its use (manufacturing 
process to be carried on therein) and its heat losses. 
He must determine whether air is to be recirculated, tak- 
ing no outside air, other than infiltration, or whether all 
air is to be taken from outside with no air recirculated, 
or whether a portion is to be recirculated and a portion 
taken from out of doors; if so, in what proportions. 
Next he must determine type of unit that can be used, 
whether the owner will give valuable floor space along 
walls or beside columns in center of room, or whether 
units must be kept off from the floor entirely. ~— 

When he has all these data before him, there are 
some fundamental rules to guide him as follows: 

(a) Cold air should always be taken from floor, or if 
this cannot be done, warm air must be distributed on 
floor. 

(b) Warm air should be blown toward exposure so 
as to blanket it, returning to the unit at floor line. Cold 
air falling from roof should be stopped by an ascending 
current of warm air. 

(c) Warmed air cannot be successfully blown across 
high section of buildings to heat exposure on far side. 

(d) If heating unit is to be of the suspended type, 
discharging directly to the zone in which it rests, cold 
air from floor must be conducted to it, if heating is to 
be accomplished with the minimum of heating surface, 
minimum of power consumption and minimum of steam. 


ARRANGEMENT OF HEaTERS FoR Monitor Type BUILDING 


Let us consider a one-story monitor type of building, 
a building having the maximum of glass in walls and 
All air is to be recir- 


monitor and of large floor area. 





FIG. 2, METHOD OF LOCATING HEATERS IN LOCOMOTIVE 
SHOP WITH HIGH CENTRAL SECTION 
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culated and units are to be of the floor type. For such 
a building there are two reasonable locations for unit 
heaters and we shall name them in their order of im- 
portance. 

Locate floor type units along the columns on each 
side of the crane-way, both units discharging two ways; 
first, toward the exposed wall; second, into the high 
section. The amount to be discharged toward the exposed 
walls to be sufficient to compensate for the heat loss 
through walls, glass, floor and roof up to an imaginary 
line extending across the crane-way space at the bottom 
of the monitor. That portion blown into the high section 
to be sufficient to care for the space within the monitor, 
roof, glass and walls. 

The second choice is to place these units along the 
exposed wall, blanketing the walls and being of sufficient 
eapacity to heat that portion of the building, walls, 
glass, floor and roof, embraced within said imaginary 
line directly under the monitor. 

To care for the space within the monitor and to coun- 
teract the down currents of cold air, there would be 
placed on the columns suspended type heaters. These 
heaters would be of sufficient capacity to care for the 
space within the monitor and to care for the glass, wall 
and roof surface therein. 

Figure 1 shows a building practically all glass with 
an area of 177 ft. by 122 ft. and a saw-tooth roof. Here 
the engineers located the unit heaters along the col- 
umns, blowing toward the exposed walls, locating units 
on both sides of the high section, and blowing into the 
high section only air enough to care for it. The balance 
is discharged towards the exposed walls. This building 
was built in 1924, and has, therefore, gone through four 
heating seasons successfully. 


HEATING A LOCOMOTIVE SHOP 


The locomotive shop, Fig. 2, is a typical illustration 
of a large building with high central sections heated 
with unit heaters. Units are placed on the wall on one 
side of the building, blowing down and fresh air supply 
is brought up from the floor line. Units are placed on 
the baleony, blowing down and drawing air from the 
floor. This installation has been in successful operation 
several years. This is a large building, 538 ft. by 180 ft., 
containing a total of 3,422,000 eu. ft. 

Figure 3, taken in an eastern silk mill, shows another 
installation of unit heaters. This is a one-story build- 
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CROSS SECTION 


FIG. 4. PLAN AND CROSS-SECTION OF A BUILDING FOR 
WHICH HEATER CALCULATIONS ARE GIVEN IN THE TEXT 
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FIG. 3. HEATERS IN SILK MILL ARE INDIVIDUALLY 
CONTROLLED BY THERMOSTATS 


ing with 8-in. brick wall construction saw-tooth roof, 
2 in. tongue and groove plank, covered with tar and 
gravel. Approximately 50 per cent of the exposed sur- 
face of this building is glass. The building is 140 ft. 
by 150 ft., 14 ft. to the top of walls and 20 ft. to the 
peak of the sawtooth. The floor is concrete on ground. 

This building is heated with 15 unit heaters indi- 
vidually controlled by Mercoid thermostats. The specifi- 
cations for heating this building read as follows: 75 deg. 
must be maintained 24 hr. a day, seven days a week, 
figuring an outside temperature of minus 20 deg. This 
temperature must not vary more than 2 deg. plus or 
minus from 75 deg. at any time. The heating system 
is being operated on a pressure of 5 to 7 Ib. with 6 in. 
vacuum on the return lines. The chief engineer of this 
plant has stated that these units have saved a great deal 
of money, since before using them they lost considerable 
time during cold weather, because the needles of the ma- 
chines would not function when the temperature of the 
room dropped below 74 or 75 deg. On cold mornings, 
operators would stand around for an hour or two wait- 
ing for the machines to warm up. 


CALCULATION OF Herat REQUIREMENTS 


Following is the detailed method by which the heat 
loss was calculated for a building to be heated by unit 
heaters. Figure 4 shows the general plan and cross- 








UNIT HEATERS IN THE BUILDING SHOWN IN 
FIG. 4, A LARGE PAPER MILL 


FIG. 5. 




























































FIG. 6. LOW CEILING TYPE UNIT HEATERS IN A 
FURNITURE FACTORY 


section of the building and Fig. 5 shows the completed 
installation. 

In figuring the heat losses in this plant, the following 
information was required: 1, room temperature to be 
maintained with average minimum outside temperature 
(See Table I); 2, steam pressure available; 3, square 
foot area of walls, windows, doors, floor and roof, or eeil- 
ing; 4, cubical contents of building; 5, air exhausted for 
ventilating purposes; 6, air infiltration. 

Heat must be supplied to offset the transmission or 
losses through various types or grades of material and 
the B.t.u. losses per square foot, per degree of tempera- 
ture of standard materials are given in Table IT. 

Temperature of 65 deg. F. was to be maintained 
with outside minus 10 deg. F., 75 deg. difference. Steam 
pressure was 5 lb. gage. One B.t.u. is the amount of 
heat required to raise 55 cubie feet of air 1 deg. F. at 
70 deg., or approximately 0.02 B.t.u., to raise 1 cubic 
foot of air 1 deg. F. 
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TABLE I. INSIDE TEMPERATURES USED TO DETERMINE 
HEAT LOSS IN FIGS. 4 AND 5 


Deg. F. 
55 ha ag ekrkn Wise Soe vase 50 
FOE ET SET RT TTT TT AP aT 65 
RATES ere oneview eeneey Penney wees 65 
eT See Le Ee ree 70 
SSIS SEAR eer nen ne SOE Seer Ener 70 
I i i ele aa ae a tek acl oo et 80 


TABLE II, HEAT TRANSMISSION CONSTANTS FOR VARIOUS 
MATERIALS IN B.T.U. PER SQ. FT. PER HR. PER DEG. 
TEMPERATURE DIFFERENCE 


PRICK WALLS 





ou FLOORS 
a Plain Plastered . Laid on Ground 
BSG” CHICK. 65... sss OE 0.28 Cement, no flooring................ 0.31 
<i Speer 0.29 0.24 Cement, wood floor over............ 0.10 
DIAG CK hess ceed 0.25 0.21 Dirt, nO Goose ..3.- «<5 ne ccs eed 0.20 
Bee Rien cvenecks 0.22 0.19 Wood, laid on ground.............. 0.15 
DOVE UMNO oii seat 0.19 0.16 


FLOORS 
HOLLOW TILE WALLS Wh Ais Space baton 


One Side One Side Assume tempereture Air Space 35°F above outsi t: 


h ms Plastered 4 O30 temperature. 

i Sere 0.64 5 , . 

” oh Wood, single plastered under...... . .0.26 

oF thick............... 0.57 0. Hd Wood, single, not plastered under.. .0.45 

a ore Sapa ea magi ~ pe rend Wood, double plastered —_ oe on 
Earogieavnen\ eta ee : ; A ij Ig: 

WUE... ce eecsc 0.26 0.13 Wood, double, not plastered under 


Concrete—See Walls. 


CONCRETE WALLS Deduct 50% for wood floor covering. 


Furred oors 
: an R 
Plain Plastered 

MP AEIIIEM ints sio\ciej> ss tare 1.00 0.63 2” Wood, Paper, Tar and Gravel... . .0.26 
GTN ois sys oe vielen 0.86 0.57 Wood shingles on sheathing....... . .0.43 
G0) *) ees 0.71 0.47. Asbestos shingles on sheathing. . .. . .0.32 
MORNE 650 a ence: OD 0.43 Shingles, paper, sheathing.......... 0.21 
PEON Giles cps soussncane 0.57 0.40 4” Hollow tile, paper, tar, gravel... .0.30 
DONOR So ocos awe 0.50 0.33 6” Hollow tile, paper, tar, gravel..... 0.27 
2” Concrete, paper, tar, a. Dele ke = 

3” Concrete, e, tar, gravel.......0: 
Si WINDOWS ane 4” Concrete, paper, tar, gravel...... .0.53 
Single Glass. . 1.09 Double Glass. .0.46 Corrugated iron on strips.........-. 1.50 
Corrupated iron on sheathing....... 0.64 
SKYLIGHTS Sheet tron.....<... Orhrocoreauens 1.20 
Single Glass. .1.16 Double Glass .0.48 Sheet iron on sheathing............ .0.60 


For this building, 26 unit heaters of approximately 
700,000 B.t.u. capacity each were selected with a high 
velocity discharge, drawing the air over the heating coils 
at a low velocity and fan motors of % hp. for each unit 
were used. 


Heat losses were as follows: 


B.t.u. 
loss per hr. 

Temp. persq.ft. Total 

Material Sq. ft. Diff. per deg. perhr. 

Walls—7¥% in. brick...... 83,420 x 75 deg. X 0.25 = 1,560,000 

Windows—single glass... 9,380 x 75 deg. X 1.09 = 767,000 

GES oss -ci 5.655) 52556 5.50050 6 0 os 1,230 xX 75 deg. X 0.33 = 30,500 
Roof—tar and gravel on 

S21R, DIANE 66.s:6:0:6:6.6-0.0% 143,680 xX 75 deg. K 0.26 = 2,600,000 

Skylight—double glass.. 37,440 xX 75 deg. X 0.48 = 1,350,000 

Floor—wood on concrete. 139,200 x 25 deg. x 0.10 = 334,000 


Note.—The minimum ground temperature is figured at 40 
deg. F. regardless of lower outside temperatures. 

Air infiltration—Once every two hours. 

580 ft. x 240 ft. x 22 ft. = 3,062,400 cu. ft., contents, divided 
by 2 X_ 0.02 X 75 deg. = 2,300,000. 

Air changes per hour: 

3,062,400 x 2 x 0.02 X 75 deg. = 9,200,000 

Total B.t.u. loss per hr. = 18,141,500. Y ; 

Heat produced by electric lights, motors and so on is dis- 
regarded. 


Figure 6 shows a furniture factory heated by six low 
ceiling type heaters. Floor type unit heaters, as in- 
stalled in a large steel mill, are shown in Fig. 7. 

In presenting the foregoing data, we have aimed to 
give some idea of what has actually been done with unit 
heaters in existing installations. We recognize that the 
discussion does not by any means cover the subject. 
Questions of proper velocities of air to use through the 
heaters, horizontal spacing of heaters, and other phases 
of the problem are somewhat controversial at this time 
and various manufacturers have various designs to fit 
the conditions encountered. 
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Rebabbiting Bearings 


STATEMENT OF PRACTICAL CONSIDERATIONS 
NECESSARY TO SECURE SUCCESS IN BABBITING 


UCCESS IN BABBITING depends upon the com- 

position of the metal, upon the treatment given to 

the parts into which the babbit is to be poured and upon 

the method of pouring. Inquiries that have been made 

regarding white metals for bearings indicate a need for 
practical information on these features of the subject. 


TABLE OF PHYSICAL CHARACTERISTICS OF DIFFERENT 
COMPOSITIONS OF WHITE BEARING METALS 




















aap re 
| It Brinell i Temperature, 
Tin Soe me SM oe 1 Popeyes 
| Alloy i nic ie ourin, 
| “ | 70° F.| 212° F bat 

1 91 4.5 | 0.35) 4.5 | 0.10] 28.6 | 12.8 | 437.0 | 824 

2 89 7.5 | 0.35} 3.5 0.10 | 28.3 | 12.7 | 460.4 | 808 

3 83.9 8.3 | 0.35) 8.3 | 0.10 | 34.4 15.7 462.2 | 916 

4 75 | 12 10 3 0.15 | 29.6 | 12.8 | 365.0 | 680 

5 | 6} 15 | 18 | 2 | 0.15 | 29.6 ; 12.8 | 365.0 | 662 

6 20 | 15 | 63.5 | 1.5 | 0.15] 24.3 | 11.1 | 365.0 | 636 

7 | 10 | 15 76 | 0.5 0.20 | 24.1 11.7 | 464.0 | 625 

8 5 | 15 80 | 0.5 | 0.20} 20.9 | 10.3 | 469.4 | 625 

9 5 | 10 85 0.5 | 0.20} 19.5 8.6 | 469.4 | 616 

10 2| 15 83 0.5 0.20 | 17.0 8.9 | 473.2 | 625 

11 ; 15 85 0.5 | 0.25 | 17.0 9.9 | 476.8 | 625 

12 | 10 90 0.5 0.25 | 14.3 6.4 | 476.8 | 634 











The essential characteristics to be considered in any 
alloy for bearings are composition, structure, change of 
shape in hardening, temperature of running, wear on 
bearing, wear on journal, compressive strength and cost. 


Setect ALLOY AccorDING TO SERVICE DEMAND 


It is utterly impossible to have one alloy reach the 
height of perfection in all of the above requirements, 


FIG.1. MANY LIGHT BLOWS OF 

A BALL-PEEN HAMMER AID 

IN MAKING BABBIT ADHERE 
TO BOX 


BABBIT 
METAL 


MANOREL 
—— 






FIRECLAY 
DIKE 
BEARING 
Box 
WL, B 


[ ] iy 
FIG. 2. BABBIT SHOULD BE 
POURED WITH BOX IN VER- 
TICAL POSITION SO AS TO 


PREVENT FORMATION OF 
SHRINKAGE HOLES 



































so it is important first to determine the purpose for 
which each is especially adapted. All white metal bear- 
ings are made up of at least two structural elements, one 
hard constituent to support the load and one soft con- 
stituent to act as a plastic support for the harder ele- 
ment. Generally speaking, the harder the surfaces in 
contact, the lower the coefficient of friction and the 
higher the pressure under which the bearing will grip. 
It would, therefore, appear that the harder the alloy 
the better, but a hard, unyielding alloy, for successful 
operation, must be in perfect alinement and adjustment ; 
a condition which is practically unattainable. 

It is generally conceded that soft metal bearings 


cause a greater decrease in the life of a journal than 
will some hard metal bearings but their other advan- 
tages in many cases more than make up for this disad- 
vantage. When white metals are mixed, the metals to 
compose the alloy should be melted in the order of their 
melting points, i.e., the metal having the highest melting 
point should first be melted then the others in turn added 
to the melted metal. 


Standard babbit metal consists of 80 to 89 per cent 
of tin, 2 to 10 per cent of copper and 7 to 10 per cent 
of antimony. The substitution of lead for tin and the 
omission of copper makes a cheaper and softer metal 
suitable for low pressures and speeds. The addition 
of more antimony hardens the metal and causes it to 
expand in hardening; an action which tends to make 
the metal adhere closer to the shell into which it is cast. 


Variations of this white-metal bearing alloy are 
shown in accompanying table in which No. 1 is suited 


FLANGE OF. 
MANDREL \S FIG. 3. CLAMPS AND BLOCKING 
HOLD MANDREL IN PROPER 
POSITION WHEN BABBIT IS 


POURED 











| ILD 





~ BEARING BOK 
CASING 
WOODEN PLUG 


OR RISER 
TO FORM GATE 





FIG. 4. METHOD OF CLOSING, 

GATING AND VENTING A BAB- 

BIT RECESS IN A PILLOW 

BLOCK WHEN RE-BABBITING 

A NON-REMOVABLE BOTTOM 
SHELL 


Note: A bearing so prepared is 
tamped -with molding sand or 
fire clay. The plugs are set into 
notches, which notches later form 
gates for the babbit. 





~ PILLOW BLOCK 


for erankpin service for internal combustion engines. 
It should be well confined in its backing or used as a 
thin layer sweated on to bronze or steel. It is least liable 
to erack and the most plastic. No. 2 has a higher bear- 
ing value and is less liable to pound out and is also 
suitable for being sweated on. No. 3 is the hardest and 
highest bearing value alloy. It is ideal for the highest 
service requirements when well seated and impact is not 
too severe. No. 4 is an excellent alloy for engine main 
bearings and general machinery. It will withstand se- 
vere punishment but high temperatures must be avoided. 
Nos. 5 and 6 give good bearing service but cannot with- 
stand as high a temperature as a lead base babbit such 
as No. 7 which is also cheaper. It gives good service 
and may be used with perfect satisfaction in many 
places where genuine babbit is now specified. The bear- 
ing value of Nos. 8, 9 and 10 decrease with decrease of 
tin content. Nos. 11 and 12 constitute the cheapest 
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grades of babbit and should be used only for lightest 
service. 

Only those babbit metals high in tin content and low 
in lead content can be successfully sweated but other 
means of holding babbit in its shell work quite as well. 
Dove-tailed grooves running parallel to the journal 
should be cast or cut in the box as shown in Fig. 1. 
The babbit, after being cast, is peened with a ball-peen 











FIG. 5. HANDY JIG MAKES BORING OF BABBITED 


BEARING BOXES A SIMPLE MATTER 


hammer as shown. Many light blows rather than heavy 
blows should be given, the object being to spread the 
metal at the surface and therefore cause it to swell and 
force itself into the grooves rather than to pound it in 
with the result that it rebounds from the surface with 
which it is desirable to have it closely adhere. 
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If the babbit does not adhere closely it will not only 
be loose and cause trouble but the air spaces will act 
as a non-conductor and heat created by the journal when 
running would not be as readily dissipated by radiation. 
The advantage of using antimony in the babbit and cast- 
ing in dove-tailed grooves which causes the babbit to 
expand into those grooves and the employment of the 
peening process will be apparent. After peening, the 
bearing must be bored to size. Peening also hardens the 
surface of the babbit by making it more dense. 


Cast LINING IN VERTICAL POSITION 


In rebabbiting a bearing it is best to remove it from 
the engine, if possible, and warm it to a temperature of 
about 150 deg. F. This prevents sputtering and blowing 
of the metal when poured and will facilitate the running 
of the metal to all parts of the box. The bearing should 
be cast in a vertical position as shown in Fig. 2 so as 
to prevent shrinkage holes from forming in the babbit. 
Shrinkage holes will almost invariably result if a large 
bearing is poured in a horizontal position. A mandrel 
should be used that is smaller in diameter than the shaft 
so as to allow for peening and finish. Figure 3 shows 
how the mandrel is clamped to the box. If the box 
cannot be removed from the machine, the best method 
of casting the babbit is shown in Fig. 4. 

An improvised jig for boring babbited bearing boxes 
is illustrated in Fig. 5. 

Flat surfaces such as those of flat crosshead shoes 
may be babbited in a similar manner. Just as in the 
ease of a journal bearing, the dove-tail grooves should 
lie across the bearing surface so that when heated in 
operation there will be less tendency for the babbit to 
be wiped out of the grooves. 


Embrittlement of Boiler Plate’ 


CAUSES AND DEscRIPTIONS OF Cracks Dur To EMBRITTLEMENT 
AND MertHops OF INHIBITION. By S. W. Parrt AND F. G. Straust 


_ recent years, a phenomenon of more or less 
frequent occurrence has become recognized, to 
which the term ‘‘the embrittlement of boiler plate’’ has 
been applied. Because of the relatively infrequent oc- 
currence of this difficulty and the more or less obscure 
eauses which bring it about, the fact of embrittlement 
has been largely in question. Both the evidence of its 
presence and the conditions which promote it, however, 
are matters of paramount importance at the present 
time, because within recent years an increased number 
of boiler failures chargeable to embrittlement have oc- 
curred. 

Historical development of the study of the phenome- 
non of embrittlement would undoubtedly show that 
many cases of boiler failure were laid to other causes 
than embrittlement in years gone by. The first indica- 
tion the industry had that this type of failure was differ- 
ent from any previously encountered was in 1895 when 





*Abstract of paper presented at the Midwest Power Con- 
ference, published by permission of the Director, Engineering 
Experiment Station, University of Illinois, Urbana, Illinois. 

¢Professor of Applied Chemistry (Retired), University of 
Illinois, Urbana, IIl. 

tSpecial Research Assistant, Engineering Experiment Sta- 
tion, University of Illinois, Urbana, IIl. 


a plant at DeKalb, Illinois, encountered cracking in 
drums which were installed in 1893. At that time the 
suggestion was made that the feedwater might be the 
cause, but small attention was given to it. In 1906 one 
of the authors described an unusual type of water and 
outlined an area where it occurred, having Champaign- 
Urbana as a center and extending west as far as Bloom- 
ington, Illinois, and east as far as Veedersburg, Indiana. 

This water was characterized by having free sodium 
bicarbonate present and an-almost complete absence of 
sulphate. 

During the interval between 1916 and 1924, much in- 
vestigation was done to explain the cause of embrittle- 
ment failures which were continuing to increase. The 
research conducted by Babeock and Wilcox Co. did much 
toward explaining the difficulty and bringing the issue 
before the boiler user. On the other hand, any sugges- 
tion that alkaline waters may have been a contributing 
agent was naturally opposed by water treating com- 
panies which produced alkaline water as a result of their 
treatment. 

A detailed description of some 300 cracked boilers 
from plants encountering difficulty in the form of em- 
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brittlement was given in the appendix B of Bulletin 155. 
Only a brief review of the type of cracking will be 
given here. 

1. The cracks occur primarily below the water level. 

2. The cracked plates have always been in tension 
and the cracks occur at points of high localized stresses. 

3. Seams having factors of safety as high as 10 have 
encountered cracking. 

4, The cracking is not confined to poor steel but oc- 
curs in steel of excellent quality as well as in steel not 
so good. 

5. The cracking has occurred in seams in boilers built 
as late as 1924, and with seams being as well made as 
possible then. 

6. Both outside calked and outside with inside calked 
seams have cracked. 

The characteristics of these cracks may be sum- 
marized as follows: 

a. They do not follow the line of what is generally 
considered the line of maximum stress. 

b. They start on the dry side of the plate. 

e. They run in general from one rivet hole to an- 
other, though they often run past each other, leaving 
islands of plate. 

d. They are irregular in direction. 

e. They never extend into the body of the plate be- 
yond the lap of the seam. 

f. There is no elongation of the plate. 

g. Rivet heads crack off or are easily dislodged. 

h. A microexamination of all the cracked plates re- 
veals the fact that the crack progresses around the grain 
boundaries, intererystalline. 


WATER CONDITIONS 


A summary of the chemical conditions which charac- 
terize the water used in the boilers where embrittlement 
has oceurred is as follows: 

(a) Sodium carbonate is the one substance which is 
invariably present in the feedwater. 

(b) Sulphate hardness is usually absent or low in 
respect to the sodium carbonate present. Sodium sul- 
phate is similarly lower than the sodium carbonate. 

(ec) Boilers encountering this trouble used waters 
having characteristics noted under (a) and (b) and as a 
consequence of the chemical reaction in the boiler, de- 
velop a caustic condition with sodium hydroxide in ma- 
terial excess over the sodium sulphate. 

In 1926 the American Society of Mechanical Engi- 
neers in their Boiler Construction Code called attention 
to the presence of embrittlement cracking and recom- 
mended definite sulphate to carbonate ratios to be main- 
tained as a precautionary measure toward ‘stopping this 
trouble. They included in this recommendation the fol- 
lowing explanatory paragraph: 

“Cracks of this particular character have not been 
reported in cases where water softening equipment has 
been intelligently used, maintaining close control over 
boiler concentrations and the boilers have been properly 
operated.”’ 

At the time this code was recommended, this clause 
may have been warranted; but the data collected since 
appears to indicate that water treatment carried on as 
directed by the manufacturers of the equipment has re- 
sulted in the embrittlement of boilers. The concentra- 
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tion had been closely watched and the boilers were prop- 
erly operated. 


CAUSES OF EMBRITTLEMENT 


On examining the mass of data collected from em- 
brittled boilers, one could not help seeing that the type 
of feedwater used in embrittled boilers was apparently 
the only common factor. When the feedwater was an- 
alyzed, it disclosed the fact that sodium carbonate was 
always present while the sulphates were much lower. 
The boiler waters showed the presence of a high alka- 
linity with a corresponding small sulphate content. 

Boiler feedwater can be considered roughly under 
two heads, carbonate or sulphate. The former has the 
carbonates of magnesium or calcium in excess and has 
only a small amount of the corresponding sulphates. 
This has commonly been termed temporary hardness 
since it decreases on heating. The sulphates of calcium 
and magnesium are changed but little on heating and 


TABLE I. ANALYSIS IN GRAINS PER U. S. GALLON OF 
WATER TAKEN FROM BOILERS HAVING HIGH SULPHATE 


CONTENT. NOT EMBRITTLEMENT 
Steam Pressure carried, lb. gage 150 175 175 125 
Sodium Hydroxide, NaOH 2 5.8 7.6 36.3 
Sodium Carbonate, Na,co,, 10 6.1 19.9 8.7 
Total Alkalinity as Na,C0, 13 14.2 30.5 59.5 
Sodium Sulphate, Ba,S0, 200 42.2 71.5 102.4 
ae 15.4 29 284 1.7 





Alkalinity as Nap 0, 


have been termed permanent hardness. In some natural 
waters in the United States, sodium bicarbonate is pres- 
ent in appreciable amounts and almost invariably the 
sulphates are low in respect to the sodium bicarbonate. 
On heating the boiler the sodium bicarbonate breaks 
down to give the carbonate, which, in turn, decomposes 
to give sodium hydroxide and carbon dioxide. 


H,O + Na, CO, = 2Na OH + CO, 


Water + sodium carbonate — sodium hydroxide + 
carbon dioxide. 

The amount of decomposition of the carbonate de- 
pends upon the temperature or steam pressure and the 
partial pressure of the carbon dioxide. In a boiler, the 
steam carries away the carbon dioxide favoring the for- 
mation of the hydrate. Boilers have been found where 
over 90 per cent of the sodium carbonate has gone over 
to the sodium hydroxide. 

One thinks at once—all boilers have sodium hydrox- 
ide in them, since soda ash is a common boiler compound. 
This is so—yet the amounts are no place near those 
encountered in embrittled boilers and, furthermore, the 
sulphates are present in large amounts. Table I gives 
the analyses of boiler waters commonly encountered and 
shows the high sodium sulphate content. 

If calcium or magnesium sulphates are present, soda 
ash is added to form the less soluble carbonates and 
sodium sulphate. 


Na, CO, + CaSO, = Na, SO, + CaCO, 
Sodium carbonate + calcium sulphate — sodium 
sulphate ++ calcium carbonate. 
The sodium sulphate is increased so that an excessive 
amount of soda ash would be necessary to bring about 
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an excess over the sulphate in normal permanent hard- 
ness. A water containing small amounts of sulphates 
could readily be changed to one in which the soda ash 
is in excess by soda ash treatment and such types have 
been found in use in embrittled boilers. 

Thus sodium carbonate may be in the feedwater in 
excess of the sulphate by either one of two causes. First, 
in a well water having the sodium carbonate present 
and second, as the result of water treatment. The addi- 
tion of an excess of soda ash will furnish such a water, 
or it may result from the use of the zeolite process of 


TABLE II. ANALYSES IN GRAINS PER U. S. GALLON OF 
FEEDWATERS USED IN EMBRITTLED BOILERS 
Steam Pressure Carried 





ld. gage 200 250 200 30 225 265 60 
Sources of Water Take River Take Well Lake lake River 
Treatment Zeolite Zeolite Zeolite Zeolite — Zeolite 
Sodium Hydroxide, Naqi 8504 24.3 216.0 25.6 63.2 99.2 1.2 
Sodium Carbonate, Na,CO,, 69.2 10.5 74.9 25.5 11.3 25.9 12.4 
Sodium Sulphate, Na,SO, 44.7 36.2 56.6 13.3 14.9 82.6 3.6 
Sodium Chloride 27.3 24.4 87.5 33.9 18.7 45.0 
Total Alkalinity as Na,C0, 188.0 44.5 36.1 61.1 94.8 164.9 84.1 
Na250q 0.24 0.81 0.15 0.21 0.15 0.50 0.04 
Alkalinity as NapC0z 
3.0 z.0 | 1.0 2.0 3.0 1.0 


Recommended A.S.M.E. ratio 2.0 
softening. This system of softening is accomplished by 
means of either a mineral or artificial zeolite. The bi- 
carbonates of calcium and magnesium are converted to 
the bicarbonate of soda and sulphates of calcium and 
magnesium to sodium sulphate, thus furnishing a water 
with zero hardness. The zeolite is rejuvenated by treat- 
ing with sodium chloride solution. This system, when 
used on a water having a lower sulphate hardness than 
carbonate hardness, will produce a water in which the 


TABLE III. ANALYSES IN GRAINS PER U. S. GALLON OF 


BOILER WATERS FROM EMBRITTLED BOILERS 

saieaes <2 200 250 200 30 225 265 225 
Sources of Water Take River Take Well lake dl Well 

Treatment Zeolite Zeolite Zeolite Zeolite Zeolite Soda Jone 

Calcium Carbonate 0.15 0.0 0.0 0.0 0.20 0.41 3.16 
Magnesium Carbonate 0.10 0.0 0.0 0.0 0.29 0.41 1.98 
Sodium Carbonate 9.33 11.47 5.83 18.9 8.90 4.00 9.05 
Sodium Sulphate 2.23 10.30 1.63 2.0 1.50 2.10 0.12 
Sodium Chloride 1.10 3.18 1.25 1.6 1.50 1.34 10.50 
Sodium Sulphate 0.23 0.90 0.28 0.10 0.17 0.52 0.021 
Recommended A.S.M.E. ratio 2.0 3.0 2.0 1.0 s 2.0 3.0 3.0 


carbonate of soda will predominate over the sulphate 
and resemble the waters used in embrittled boilers. 

Table II gives the analyses of seven of the waters 
used in embrittled boilers. This shows the type of water 
common to every embrittled boiler encountered. The 
first five represent waters which have been zeolite treated, 
the sixth soda ash treated and the last a natural sodium 
carbonate water. These show further that they have not 
met the A. 8. M. E. recommendation. No embrittlement 
has ever been experienced on waters meeting this code 
recommendation. 

Table III gives the analyses of seven waters taken 
from the boilers from plants which have encountered em- 
brittlement and illustrates to what extent the hydroxide 
is formed. 

Table IV shows the analyses of waters taken from 
boilers which have operated on zeolite treated waters and 
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natural sodium waters followed by treatment to meet 
the sulphate carbonate ratio. No embrittlement has 
ever been encountered in plants having water like these 
in the boiler. 


LABORATORY INVESTIGATION 


A brief summary of the results obtained from the 
laboratory tests conducted toward the explanation of 
this intercrystalline cracking is given below: 

(a) Two conditions must be present simultaneously 
to cause embrittlement of mild steel in the laboratory 
test containers: first the actual stress must be above the 
region of the yield point of the metal; and second, the 
concentration of solution must be above 75 grams per 
liter (about 4000 grains per gallon). 

(b) Solutions of salts occurring in boiler waters 
other than sodium hydroxide did not affect the stressed 
metal. 

(c) Pure iron cracked as well as regular boiler plate. 

(d) Cold work or heat treatment did not accelerate 
nor retard embrittlement cracking. 

(e) Steel subjected to a high intensity of load for 
5 years failed to crack; but the same steel under the 
same load cracked in less than three days when brought 
in contact with caustic solution. 


TABLE IV. ANALYSES IN GRAINS PER U. S. GALLON OF 
BOILER WATERS TREATED TO INCREASE THE SUL- 
PHATE-CARBONATE RATIO 
Source of Water Well Take Take Take Well 

Lime Zeolite Zeolite Zeolite Lime and 
— and “and and and Aluminun 
Acid Acid Acid Acid Sulphate 
Sodium Hydroxide 22 28.2 22.0 36.3 14.1 
NaOH 
Sodium Carbonate 9 5-3 15-4 14.6 17.0 
Wa,CO. 
Sodium Sulphate 90 89.8 116.1 119.7 72.8 
NagS0, . 
Total Alkalinity as 38 42.7 46.2 55.4 36.6 
NagC0z 
21 2.5 3.1 2.1 


264 


Na,S0, 
Dikalinity as Nagc0z 


Recommended A.S.M.E. ratio 2.0 


2.0 2.0 2.0 3.0 

(f) Inereased steam pressure accelerates the ecrack- 
ing. , 
INHIBITING THE EMBRITTLEMENT 

When the attention of the earlier investigators was 
first called to the fact that sodium hydroxide might be 
a contributing factor in the embrittling of boilers, at- 
tempts were made to stop the formation of the hydroxide 
in the boiler. The addition of organic matter was tried 
with no marked success, since it did not retard the de- 
composition of the carbonate to any extent. Early in 
1914, attempts were made at the University of Illinois 
power plant to lower the sodium carbonate content in 
the feedwater by adding magnesium sulphate. This 
formed sodium sulphate and decreased the sodium ear- 
bonate content. Later this was changed to a sulphuric 
acid treatment. The regular line treatment was made 
and then sufficient sulphuric acid added to neutralize 
about two-thirds of the sodium carbonate in the water. 
Before adopting this system of treatment, difficulty had 
been experienced on all boilers; since adding this treat- 
ment, no further difficulty of this nature has been en- 
countered. A recent thorough examination of these 
boilers, involving removing of rivets and a thorough 
examination of the rivet holes, showed that after 10 yr. 
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operation on this treated water the boilers were free from 
any indications of embrittlement. Within recent years, 
the tendency toward keeping a definite amount of sodium 
sulphate in all boilers using sodium carbonate waters has 
become popular with large power plant operators, so that 
at present over 20 plants are using this means to inhibit 
embrittlement. The method of increase of sulphate is 
accomplished by various means, some using acid while 
others use aluminum sulphate, iron sulphate, ete. Some 
plants which encountered embrittlement have changed to 
other sources of supply free from carbonate, with the 
elimination of the difficulty. 

TABLE V. ANALYSES GRAINS PER U. S. GALLON OF 


WATER FROM EVAPORATORS USING SODIUM CARBONATE 
WATER SUPPLY 


Calcium Carbonate 0.21 trace 
Magnesium Carbonate 0.00 trace 
Sodium Carbonate 0.70 0.92 
Sodium Sulphate 0.54 0.78 
Sodium Chloride 0.34 0.68 
Iron and Aluminum 0.00 trace 
Oxides 

Silica 0.12 0.25 


Use of sulphate treatment is very limited and since 
the occurrence of embrittlement is apparently on the 
increase, other methods of stopping it have been dili- 
gently sought. The use of a sulphate ratio on waters 
low in calcium and magnesium is possible; but when 
these salts are present it becomes practically impossible 
to keep the recommended ratios at the higher pressures. 
Furthermore, the use of acid is only to be recommended 
when the direct supervision of a man conversant with 
the use of chemicals is available. An overdose of this 
medicine may result in more trouble than the original 
disease, consequently the operators and men responsible 


TABLE VI. INHIBITING EFFECT OF SODIUM PHOSPHATE 

ON EMBRITTLEMENT OF BOILER PLATE. STRESS ON 

SPECIMEN, 45,000 LB. PER SQ. IN.; STEAM PRESSURE, 
500 LB. 





‘Length of 
Time of |Time Teste 


Sodium Phosphates 


| Solution, g. NaOH per liter 
(NazP04 10H,0), 
= ifer 





g. perl Cracking |No Cracki 
| 
S (BOG eau amansicnn exeaneetes 0 24 houre 
LU SRR rere tetera rr 2 20 hours ees 
Mer cvte pee eeewacte st cueuee 5 eoe 17 days 
Pet Pee ee re fe) 20 hours eee 
Sere rte reer eee 10 eee 13 days 
GN oa ionicesc dna es eaaensie 3 13 days 
Ser err rr ee 5 13 days 
|: SO or eee Tree 3 15 days 














for large power units hesitate to use acid under average 
conditions of operation. 

When evaporators are used on alkaline water, it be- 
comes difficult to get a water free from sodium carbonate. 
Table V gives the analyses of evaporated water from a 
few of such waters. The acid treatment of these waters 
is impossible. The addition of sodium sulphate defeats 
the purposes of evaporation, consequently a new inhibi- 
tant is sought for this type of water. 

The actual ratios of salts for the prevention of em- 
brittlement have not been determined to the point where 
minimum limits can be set. The results indicate that for 
normal pressures the A. S. M. E. recommendations are 
safe and should be adhered to. 

The use of sodium dichromate as an inhibitive agent 
was suggested in Bulletin 94 of the Engineering Experi- 
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ment Station of the University of Illinois and its pos- 
sible action attributed to its influence on the electro- 
potential of the steel to caustic solutions. With this 
idea foremost, a list has been prepared of various chem- 
icals which might be used in boiler waters to bring about 
this effect. 

Tests have been conducted on a few of these salts 
and the results obtained have been extremely encourag- 
ing. The addition of these salts to the regular caustic 
solutions used brought about the results tabulated in 
Tables VI and VII. : 

The possibility of the use of these new inhibitants 
is at once evident, but their application in boiler feed- 
water treatment should not be tried until more labora- 
tory work is in evidence and more data can be collected 
from plant operation. It should be realized that these 
figures represent data collected from the accelerated lab- 
oratory tests and are not directly applicable to operating 
conditions. 

CAUSES OF EMBRITTLEMENT IN STEAM BOILERS 

The results that have been obtained from both em- 
brittled boilers and laboratory investigation can be 
briefly summarized as follows: 

a. Material has not been found to be at fault. 

b. Design or workmanship of boiler is not primary 
cause. 

ce. Operation of boiler is not to blame. 

d. Alkaline condition in boiler with low sulphate 


TABLE VII. INHIBITING EFFECT OF TANNATE ON EM- 
BRITTLEMENT OF BOILER PLATE. STRESS ON SPECIMEN, 
45,000 LB. PER SQ. IN.; STEAM PRESSURE, 500 LB. 

Length of 


Tannate, Time of |Time Tested, 
g- per liter |Cracking [No Cracking 





Solution, g. NaOH per liter 




















Ma idecunctdebaviecaneese fe) 20 hours wea 
DO as swecedunveeweeeuceees 50 wee 10 days 
- LC EE er vaas 5 20 hours eee 
Co CREE eee eee eee 15 eee 30 days 
Me cewiedcnrenetcdead codec 10 30 days 





content is common to all embrittled boilers. 

e. Sodium hydroxide is the only material encountered 

in the boiler which embrittles stressed steel. 
1—Concentration to produce embrittlement is 
higher than encountered in main body of boilers. 

f. Increased sulphate has been effective both in lab- 
oratory and plant in stopping this trouble. 

g. New inhibiting agents have been developed. 

All the data from the plants show that boilers crack 
in intererystalline manner only when used on alkaline 
waters low in sulphates. This cracking has been stopped 
by inereasing the sulphate or lowering the sodium hy- 
droxide content. Plants free from it for years have 
suddenly encountered trouble when an alkaline water 
has been used. The laboratory results show that sodium 
hydroxide is the only chemical in the water which would 
cause this kind of cracking on stressed steel. A correla- 
tion of these facts shows conclusively that the offending 
agent has been the sodium hydroxide in the boiler. The 
only questions which arise are—how does the caustic act 
in the seams, and how does the stress exist in a magni- 
tude sufficient to cause the caustic attack to start ? 

Laboratory results show that the presence of a con- 
centration of about 4000 grams of sodium hydroxide 
will embrittle a piece of stressed steel. It has also been 
demonstrated that if the solution be allowed to penetrate 
between two plates as a thin film, the time of cracking 
and likewise the concentration necessary is reduced. 
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Piping for Ice and Refrigerating Plants 


APPLICATION OF ELECTRIC WELDING, ACCURACY OF WORKMANSHIP AND 


STANDARDIZATION CHARACTERIZE REFRIGERATION 


MONG the newer developments during the past 
few years, in the use of piping and pipe fittings on 
refrigerating systems, are the extended use of welding, 
the standardization of fitting sizes, the employment of 
simpler pipe joints, the tendency toward more accurate 
thread fits and the increased use of steel pipe and steel 
forgings for flanges. Of these the newest and the most 


PIPING AND FiIrtTInGs 


ends are upset in welding. Some have objected to the 
welding process because of this upsetting action, holding 
that the pipe will thus be obstructed. This objection can 
be entirely overcome by beveling off the inner part of 
the ends of the pipes so that when they are brought 
together the outer edges will touch one another first and, 
becoming heated, will build up on the outside until full 














BIG. 4, 


1—Flanged ell showing male and female 
flanges and gasket. 

2—Round flanged ammonia ell. 

3—Fitting of steel casting for larger COze sizes. 

4 and 5—Boyle type unions, 

6—Oval ammonia flanges. 


striking is the substitution of welded pipe for that hav- 
ing many joints. 


E.Lectric WELDING Is Usrp EXTENSIVELY 


Most of the objection formerly raised against weld- 
ing pipe connections was due to lack of reliability. This 
objection has been overcome by research and standard- 
ization. If standard practice is followed, high efficiency 
and reliability result and the joints made are practically 
as strong as the pipe itself. The essential thing is that 
the work is done under established rules by an experi- 
enced mechanic. Where butt-end welds are made the joint 
may be even stronger than the pipe itself because the 


TYPES OF REFRIGERATION PIPE FITTINGS 


7—Header made by electric welding. 
8—Male and female joint rings. 

9—Split return bends. 

10—COz2 oval flanged screw type ell. 
11—Solid and flanged return bends. 
12—Double pipe connection for brine cooler. 


contact of the ends is secured. The proper amount of 
bevel and the proper intensities of pressure to use must 
be determined by trial but this may be standardized. 
For pipe work, welding by the electrical resistance 
process, in which the ends of the pipe are brought 
together and electric current of high amperage and low 
voltage is passed from one pipe to the other, seems to be 
in highest favor. With this process contiauous coils of 
great length are now produced without joints and steel 
flanges are thus attached to piping or headers, the 
headers in some eases being formed of steel plate rolled 
into cylindrical form and welded longitudinally. Liquid 
receivers are also now being made in this manner. Em- 
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ployment of welding in order to secure long lines of 
continuous piping may be expected to lead to a substitu- 
tion of direct expansion piping for brine circulation 
piping for cooling purposes in applications where leak- 
age is particularly dangerous or destructive, such as in 
the case of cold storage of food products. The torch 
and the electric are also have recently been applied to 
refrigerating plant work with marked success in the 
process of cutting long established pipe lines and re- 
claiming this pipe for restoration in a remodeled plant. 


STANDARDIZATION REDUCES WASTES AND COSTS 


About 25 yr. ago, before systematic standardization 
of ammonia fittings was started, there was in many 
plants a separate drawing for each fitting and no rela- 
tion existed between the pipe size and any of the other 
dimensions of the fitting. Under these circumstances, if 
for any reason a change in piping connection, such as 
substitution of a cross or tee for an ell, was desired, the 
change was likely to require the substitution of a new 
length of pipe. Under lack of standardization, only 
draftsmen who had been long in the employ of the com- 
pany and who had memorized the dimensions of the fit- 
tings by number, could lay out a pipe job without un- 
necessary delay and even then many mistakes occurred. 
The importance of standardization is also emphasized 
not only in the greater facility of reordering parts and 
in actual saving of material under the system, but also 
in cutting pipe lengths to which a number of fittings 
are to be supplied. When the dimensions of fittings are 
standard and can be relied upon to be so, a number of 
pipe lengths can be cut at one time, with the assurance 
that when the piping has been assembled, the sections 
will fit neatly, without imposing undue strain on any of 
the parts. Modern methods of manufacturing with spe- 
cial machinery, jigs and fixtures assures interchange- 
ability if sizes have previously been standardized. 

Some manufacturers are standardizing their fittings 
so that they match similar fittings of other manufac- 
turers. This is a very desirable step. It conforms with 
the efforts of the Division of Simplified Practice of the 
United States Department of Commerce, to reduce waste 
in industry by national standardization and such con- 
formity results in universal benefit. 


CHEAPER PipE CoNNECcCTIONS Most PoPuULAR 


Concerns that, some years ago, used the solder joint 
for screwed connections exclusively, are now using 
litharge and glycerine. The solder joint method is ex- 
pensive. It involves, first, the heating of the pipe ends 
and fittings in a lye solution in order to remove all 
grease; second, the tinning of all screwed surfaces and, 
after screwing the parts together, the careful insertion of 
the solder under heated condition. In some eases, the 
parts are first sweated together and afterwards the solder 
recess in the fitting is flushed with solder. Such a joint 
holds well but it is expensive and, if for any reason, it is 
taken apart in the plant, it is rarely resoldered correctly. 

Some concerns use the solder method for all parts 
that can be made up in the factory, leaving the other 
joints to be made on the job with litharge and glycerine. 
Where litharge and glycerine are used, the joint holds 
well if the screw threads have been accurately made but 
such joints are harder to break after installation. The 
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litharge is applied just as all pipe dopes are used. Its 
principal function, where accurate thread contact is re- 
lied upon for tightness, is not to make the joint but to 
act as a lubricant to enable the pipe to be serewed home. 
Next to accuracy of thread, it is important thoroughly 
to clean and wipe the threads before making the joint. 

Use of tongue and grooved flange connections is uni- 
versal. Most manufacturers use lead gaskets in all of 
their flanges; some use rubber or composition gaskets on 
the low pressure side of the system. Use of corrugated 
gaskets has superseded the practice of forming beads on 
the male and female rings of flanges for the purpose of 
securing a tight joint when the flanges which were being 
fastened together were not exactly in line. The beads 
and corrugation provide a means for causing the lead 
of the gasket to flow and adjust itself to the inequality 
of alinement. 

For high-pressure systems, such as the carbon dioxide 
system, copper gaskets are frequently used. These ecop- 
per rings are placed between the ends of the pipe itself, 
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CARBON-DIOXIDE FLANGE CONNECTION WITH 
COPPER RING GASKET 
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FIG. 2. 


as shown in Fig. 2, the threads on the pipe being cut 
straight so that the flanges turn easily on them for 
adjustment. 

Except for real small sizes, where oval flanges are 
used, a minimum of four bolts is usually required in 
flanges. Some manufacturers use eight or twelve bolts 
for all larger sizes, omitting the six bolt type. With 
the bolts so arranged, in multiples of four, the fitting 
may be set on any of the 90-deg. angles, thus giving a 
neat appearance to the pipe work. 


FREEDOM FROM IMPURITIES IMPORTANT 


Impurities in the metal of flanges cause leakage, 
therefore, where castings are used, they are generally 
produced in air furnaces or in the ease of steel, the 
flanges are made of semi-steel or special grades of steel 
casting or are forged, in which case not only purity but 
density and strength are requisites obtained. Because 
of the cost of the dies required, only those sizes of flanges 
which are most used are usually drop forged. Some 
companies are also producing malleable iron flanges. 

For ammonia systems both standard and extra heavy 
fittings and pipe are employed. For CO, systems extra 
heavy steel or wrought iron pipe and fittings are used. 
For the higher pressure used in this latter system espe- 
cially, the use of welded connections is growing in favor. 
In some cases the size of the pipe influences the kind 
used. One manufacturer uses standard and heavy 
weight pipe for straight lengths and extra heavy pipe 
for connecting lines up to and including 2 in. Above 2 
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in., standard weight pipe is used on the low-pressure side 
of the system and extra heavy on the high. 

Steel piping is in quite general use. One company 
uses American radiator sections for certain classes of 
work. They are used as accumulators on the tails of coils 
before going to the compressor. These sections are said 
to have good value as cooling surface and also to have 
a large evaporative area which tends to drop the liquid 
and prevent the slugs of liquor from reaching the com- 
pressor. Many make up their piping in sections, placing 
a flanged ell at every alternate 90-deg. bend. Use of 
coated and bare pipe finds advocates on both sides of 
the question, some recommending the use of galvanized 
piping; others contending that coated pipe should not 
be used, especially on double pipe condensers. 


Infectious Eye Ailments and 
How to Avoid Them 


By B. FranKuin Royer, M. D.* 


NFORTUNATELY, the human eye is wholesomely 

receptive to many kinds of germs. The eye tissues 
lend themselves splendidly to the growth of most germs 
which form pus. Generally speaking, in infectious eye 
ailments, pus-like discharges are commonly seen on the 
edges of the lids, in local areas along the lashes or in 
the little pockets at the angle of the eye nearest the 
nose. Some of these eye infections are very easily trans- 
mitted to other eyes,—some of them are caused by germs 
so small in size that for a long while they escaped the 
studied search of doctors hunting for them with micro- 
scopes. It would almost appear that the smaller the 
germ causing eye trouble, the greater its likelihood of 
being transmitted from one person’s eyes to the eyes of 
another. 

Pink-eye is caused by a germ discovered almost at 
the same time by the great German bacteriologist, Dr. 
Robert Koch, while doing research work in Egypt, and 
by a widely known New York ophthalmologist and 
research worker, Dr. John Elmer Weeks. The germ 
causing pink-eye now carries the name of the Koch- 
Weeks bacillus. This is one of the tiniest germs known 
to invade the eye. 

The germ that causes boils, the staphylococcus, may 
constantly be found in styes or in that inflammatory 
condition of the eyes where the edges of the lids are 
more or less crusted, with little pustules frequently de- 
veloping, and where the lids and lashes often stick to- 
gether in the morning. These same germs are often 
found in the pustular condition at the inner side of 
the eye where the tear duct goes down into the nose, 
although here the germs that cause nasal catarrah are 
also often found present. The germ causing pneumonia 
sets up severe eye trouble at times. 

Some-infectious eye ailments are due to direct trans- 
fer of germs from one part of the body to another. An 
individual with a discharging ear, either while. asleep 
or by carelessness when awake, may readily carry pus 
from the ear to the eye. The child picking its nose may 
transfer infection directly to its eye, or those with foul 
teeth and sinuses discharging about them may readily 


*Medical Director, National Committee for the Prevention 
of Blindness. 
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soil their fingers and infect the eyes. Sometimes the 
route of infection is from a local collection of pus in 
the tonsils or in the sinuses of the nose through the 
circulating blood or through the lymphatic system to 
the eye. In any such transfer of infection the same 
strain of germs will be found in eye discharges as in 
the original focus of pus. 

Chronic ulcer (phlyctenular disease) in malnour- 
ished children and trachoma have not yet been proven 
to be caused by germs alone. 

Many eye ailments bear a very close relation to 
dietary faults. This relationship is not yet fully ex- 
plained. The bleary-eyed children with pustules on lid 
edges and crusts on their lashes so commonly seen in 
orphanges 25 yr. ago have almost disappeared with 
modern feeding of children and modern hygiene in these 
institutions. Perhaps many germs grow best in the 
eyes of individuals not well nourished or with eye tissue 
resistance lowered from dietary faults. 

All infectious eye ailments are to a certain extent a 
menace to vision. The strictest cleanliness is most im- 
portant. Drugs applied locally for treatment should 
be prescribed by a physician. It is of great importance 
in these infectious eye ailments also, especially the more 
chronic ones, that constant attention be given to the 
diet. Diets rich in vitamins, such as an abundance of 
whole milk and leafy vegetables, are advised, while in 
winter, with the absence of sunshine and shortage of 
green leafy vegetables, cod liver oil should be given as 
a food for all children with such eye ailments. 

Physicians will always advise cleaning up of the 
local collection of pus, whether it be from the ear, tooth, 
tonsil or other part of the body, and will give strict 
instructions as to cleanliness before placing fingers to 
the eye. No unclean hand should ever go to an eye. 
No finger touching pus is safe around the eye. It is 
equally true that no individual with an eye discharging 
pus should be in close and intimate contact with those 
who have clean eyes. For such an individual, separate 
bed, towels, toilet articles, wash-basins, etc., are impera- 
tive. The danger of transfer of the infection is often 
great but sometimes may be known only by trial ex- 
posure, a needless menace to the other fellow’s eyes. 


ELECRTRICAL ENERGY production in Iowa increased 
nearly 60,000,000 kw-hr. last year to a total consump- 
tion of 1,403,684,400 kw-hr. and the state railroad com- 
missions authorized construction of 827 mi. of new trans- 
mission lines with the county boards of supervisors 
approving 188 mi. additional, according to George Neal 
of Fort Dodge, vice president of the Iowa section of the 
National Electric Light Association, who addressed the 
350 members attending the annual meeting in Cedar 
Rapids, Feb. 2 and 3. Iowa, with 97.7 per cent of its 
urban population served by electricity, enjoys the repu- 
tation of being most completely electrified state in the 
union, he said, pointing out that of 922 towns and cities 
in the state, 844 are electrified and only 38 are not 
served. None of these latter have over 300 population. 


ToLtepo Epison Co., Toledo, Ohio, is planning an 
addition to its local steam generating station and the 
construction of a new transmission line between Toledo 
and Sandusky. 
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Pumping Plant Is Remotely Controlled 












prove its water supply. The former series of 20 half dry 

wells was not adequate especially during the summer 
months. Two 30-in. wells were therefore finally sunk by the 
Layne-Ohio Co. and were found to yield 1100 and 1200 gal. 
per min. respectively. 


| vrove its wat EXPANSION forced Troy, Ohio, to im- 


Duplicate pumping stations were built and each supplied 
with deep-well pumping units equipped with 75-hp., three- 
phase, 2300-v. vertical induction motors. The steel reservoir 
tank was built by the Pittsburgh-Des Moines Steel Co. The 
tank proper is 30 ft. high and 44 ft. in diameter, and has a 
capacity of 500,000 gal. The top of the tank is 140 ft. from 
the concrete base. The Central Foundry of Chicago installed 
the 12-in. pipe and necessary valves and fittings to connect 
the elevated tank to the 12-in. city mains. 


In the center of the roof of each station is a ventilator 
through which the pump casing may be lifted if repairs are 
necessary. Each station is equipped with a panel on which 
is installed a set of Republic flow meters consisting of one 
indicating, one integrating and one recording meter. Above 
each of the panels is a pressure gage. 


Automatic starting boxes, which can be controlled either 
from the pumping station or the station of the municipal 
light plant, are attached to the motors. This arrangement 
greatly reduces the operating cost of the waterworks since 
there need be no engineer in regular attendance at the pump- 
ing stations. To avoid any possible break in service the 
stations are supplied with two sources of current; one over- 
head, the other underground. The overhead line has choke- 
coils and lightning arresters. The switchboard is installed 






























































in the municipal light plant, which is approximately a half 
mile from the pumping stations. 


This water works system can be watched and checked at 
the pumping stations, power plant or office of the service 
director. A complete set of instruments has been installed. 
At the tank is a Republic water level indicator; at the office 
of the service director is a pressure gage which records the 
pressure in the mains; and at the power plant is a recording 
meter which shows the level of the water in the tank. 















The tank acts as a pressure accumulator, as well as a 
reservoir in case of a breakdown. It is so connected to the 
line that water goes into the mains when more is being used 
than is pumped and when an over supply is being pumped 
the tank is filled up. Thus, by pushing a button at the light 
plant, 3,000,000 gal. of water is available to the city. 
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Several Factors Influence Radiator Efficiency 


IN PROPORTIONING RADIATION SURFACES, Errect oF SURFACE CovErING Is OvEr- 


LTHOUGH IT IS true that the proportioning of 

radiation and heating surfaces is apparently the 
result of more or less arbitrary approximations, a great 
deal of valuable investigation has been carried out in 
this field and the results in many cases made public. 
Perhaps the most talked of and most misunderstood topic 
directly related to this subject is the effect of various 
paints on radiation or heat losses from radiators. 

As a matter of fact the importance of the surface 
covering of radiation surfaces has been greatly exag- 
gerated, not intentionally but unintentionally, by giving 
only part of the complete data. In this connection data 
given in the A. S. H. & V. E. guide is most often quoted. 
These results, somewhat transposed for convenience, are 
given in Table I for a two-column, 38-in. cast-iron radi- 
ator ten sections long. Values for different paints are 
given on the basis of cast iron equal to one. 


TABLE I. EFFECTS OF DIFFERENT PAINTS ON A 
2-COLUMN, 38-IN., 10-SECTION RADIATOR 








Heat 
transference 

Paint ratio 
BGPP WAST EOD) 6.6:6i06 6 ses sna sede sense 1.000 
AVNMINDIM TONLE: $4 .o.c 60-0 sae SSSR 0.834 
GRIGMNONTE % 6 .c cece edu sesc Secwawees 0.855 
Re NN I «ooo own cds wnscexnsece’s 0.959 
NN OR oi ok cece eden cascewennawe 1.000 
BVitewenAMel -..<i00<ckseesndsosceonswonts 1.010 
po ee 1.010 





Expressed in unit heat transference with 215-deg. 
steam and 70-deg. room temperature, the value for bare 
east iron is about 240. With two or more coats, the re- 
sults are dependent upon the character of the last coat 
applied. Results are influenced not primarily by the 
color but by the character of the paint, all finely ground 
materials giving a fairly uniform high value and the 
flaky paints a correspondingly low value. 

From a casual examination of these figures, it might 
appear that by changing over from aluminum to a 
maroon japan, a much more serviceable paint than 
white, it would be practical to cut down the radiation 
surfaces 15 per cent. This, however, is not the case, 
because the paint affects the radiating properties only 
and leaves unaltered the heat transmitted by convection. 
As a large proportion of the total heat loss of the radia- 
tor is by convection, the effect of radiation is reduced 
and becomes relatively unimportant. 


Factors AFFECTING Heat Loss rrom RADIATOR 


Just how the total heat loss is divided between the 
two depends in the main upon five factors: the nature 
of the surface, the physical design of the radiator, the 
temperature difference between the surface and the air, 
the location in the room and the velocity of air over the 
surfaces. 





BALANCED BY PHYSICAL DESIGN AND Location or Rapiator. By B. MARKER 





Of these, the first has been discussed; the second 
involves the width, length and arrangement of heating 
surfaces, largely a matter of experimental investigation. 
The fact that a large part of the heat transmitted is by 
convection and that air currents are usually from the 
bottom to the top, leads to the immediate conclusion that 
the unit heat transfer for short radiators is greater than 
for tall ones. Naturally, the cold air coming in contact 
with the bottom of the radiator warms up as it rises, 


TABLE Il. EFFECT OF WIDTH ON HEAT TRANSFERENCE. 
PIPE COIL TAKEN AS I 








Heat 
transference 

Type ratio 
I ici a een ney ea ew eNe ees 1.00 
ERE eee oot ener tary eee ne aE 0.88 
NR 5 6 htt nd alte eicerk tne dk eds 0.82 
I 5. gic 3 la ai ek 0.75 
AMATO CRO OU IEN 5: 520s scvence uote teentaes ontecy alone 0.71 
I ig or hariy Cae sree trite ak 0.67 





' thereby giving a lower temperature difference at the 


top and making this portion relatively less important 
than the bottom. 

More heat is radiated per unit of surface from a pipe 
coil or single-column radiator than from wider designs 
because the heat rays from these have an unobstructed 
travel in any direction. On a multi-column radiator 


TABLE III. EFFECT OF LENGTH ON HEAT 








TRANSFERENCE 

Heat 

transference 

Sections long ratio 

ee oe err rere eee dae 1.000 
BiUCs Pe alee id eee wake eee kee ebees 0.76 
Gis Seana eee 0.70 
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RE ee Te ne ren ny gee oer 0.593 

OF iosncnebuueses ator ehaeeeewarwress 0.585 

EC ee ee emer TA 0.575 





many of the rays fall upon other parts of the radiator 
and cut down the effective area. Heat radiated is not a 
function of the total surface but is nearly proportional 
to the area of an imaginary envelope or cover taking in 
the entire radiator. 

Effect of width is shown by Table II on the basis 
that heat transmission of a pipe coil equals 1.0. These 
figures represent total heat transmission, of course, but 
as convection conditions remain practically constant, the 
differences represent changes of radiated heat. On this 
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basis, if the heat transmission unit is taken as 315 for 
a pipe coil, the corresponding value for a four-column 
radiator would be only 210 B.t.u. per sq. ft. per hr. 


Errect oF LENGTH 


Again, the length of the radiator is not to be neglected 
as shown by Table III. This is due to the larger propor- 
tion of radiation surface to convection’ surface on ac- 
count of the end areas. This item is of the utmost im- 
portance for between six and ten sections. Beyond ten 
its importance is negligible, while below six its effect is 
so noticeable that little thought is necessary to determine 
the best length to use. The relative effect of length 
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Hot Water Requirements 


HEN ARRANGING for a hot water supply it is 
important to know the amount required in vari- 
ous establishments and for various purposes. For 
industrial needs in process work, general data cannot 
be given because of variation of individual plant needs 
and the experience of storage heater manufacturers 
should be utilized in making a decision. One principle 
is universal, however; lack of sufficient hot water is 
always uneconomical. 
For building use, experience of the MacDonald Corp. 
in furnishing heaters is embodied in the accompanying 


ESTIMATED HOT WATER REQUIREMENTS 





TYPE OF BUILDING 





Apartment 
Department 
Store 


Dormitory 
Gymnasium 
Industrial Plant 
Loft Building 
Office Building 
Public Bath 
Residence 
Restaurant 
Theatre 





FIXTURE 
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Dish Washer 





Pantry Sink 





Kitchen Sink 





Slop Sink 





Wash Basin—Private 
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Wash Basin—Public 





Bath Tub 











Foot Basin 





Laundry Tub—Stationary 
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Laundry Tub—Revolving 
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Wash Racks 


300 Gallons per 500 people per hour 
500 Gallons per 1000 people per hour 





Water Heating Capacity in Gallons Per 
Hour as a Percent of Demand on All 
Fixtures at One Ti % 80 50 
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Tank Storage Capacity in Gallons as a 
Percent of Water Heating Capacity % 
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remains practically constant regardless of height. Under 
the usual conditions encountered in service, the heat 
transference of a single section would be in the neigh- 
borhood of 400 B.t.u. per square foot per hour. 

If the length is increased by wider spacing, the 
effect is the same as decreasing the number of sections 
and an increase from the standard 21% in. to 3 in., as in 
hospital radiators, increases the heat transference about 
7 per cent. 

Changes in radiation effect are responsible for the 
above variations while convection effects are changed by 
the location of the radiator in the room and various 
methods of shielding or enclosing. By increasing the 
velocity of the air currents, the convection heat losses 
are increased and the radiators made more effective. 
Changes in air density due to humidity have some effect 
as well. Screens decrease radiation losses but, if prop- 
erly designed, may produce air currents or draft, like a 
chimney, and thus give increased circulation. 

In actual installations the proportion of radiant heat 
varies from 25 to 50 per cent of the total heat loss. 
This means that the 20 per cent increase in radiation 
by changing from the poorest paint to the best paint 
decreased to an actual value of but 5 or 10 per cent 
of the total. This is, of course, important and worth 
considering but its relative importance is much over- 
shadowed by other factors. 


table from its bulletin No. 703. These averages are 
now generally used as a guide in selecting water heat- 
ing equipment unless special requirements are to be met. 


PRELIMINARY FIGURES of the total annual production 
of electricity by public-utility power plants in the 
United States issued by the U. S. Geological Survey 
indicate an output of 79,724,000,000 kw-hr. in 1927, an 
increase of 8 per cent over the output for 1926. Of this 
quantity 37 per cent was produced by the use of water 
power, an increase of 1.6 per cent over the proportion 
for 1926. In kilowatt-hours the electricity produced by 
the use of fuel increased about 514 per cent, and the 
electricity produced by water power increased about 13 
per cent. It would have required about 27,000,000 t. of 
coal to generate the electricity which was produced by 
the use of water power. 

The improvement in the average utilization of fuels 
that has been brought about by improvements in plant 
design and operation during the last few years continued 
in 1927. The operators of public-utility power plants 
performed the remarkable feat of generating about 214 
billion more kilowatt-hours of electricity by the use of 
fuel in 1927 than in 1926 by the consumption of about 
150,000 t. of fuel less than was used in 1926. 


Ir you are misunderstood, it is generally your own 
fault. 

























































Effect of Bad Condenser 


Water Conditions 


EPLIES WITH DATA in answer to a questionnaire 

sent out by the A. S. M. E. Special Research Com- 
mittee on Condenser Tubes were received from 240 
plants. Of these only 141 reported failures, and the in- 
formation submitted from 141 plants has been com- 
piled and presented in tabular form. 

Of the 2,400,895 tubes reported, 1,057,435 were Ad- 
miralty, 849,199 were Muntz metal and the remainder 
unclassified. Of these, 882,792 were installed in tidal 
waters and 1,518,103 in fresh water. Classification as 
to size was 1,312,202 for 1 in., 117,744 for 34 in., 11,924 
for 5% in. and 959,023 for miscellaneous sizes. There- 
fore, of the 1,441,873 tubes possible to classify, 91.1 per 
cent were 1 in. o.d. 

Cleaning methods vary, the most common method 
employed being the shooting of metal, metal and canvas, 
rubber or rubber and eanvas plugs through the tubes 
by air or water under pressure. In cases where the de- 
posit on the tubes is oily or of a very slimy nature, this 
method of cleaning is not quite successful and a more 
rigorous cleaning is given annually or semi-annually by 
sand blasting or wire brushes. Where extremely hard 
deposits of scale are found, turbining or drilling out of 
the seale is resorted to. Frequency of cleaning methods 
is given in the following table: 


TABLE I. FREQUENCY OF CLEANING AS REPORTED BY 











141 PLANTS 
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Stations on the seaboard report bad water conditions 
ranging from natural to highly polluted water near the 
large cities. Tube replacements are heavy throughout 
this section, of 41 stations reporting, five had average 
yearly replacements in excess of 20 per cent and 1 had 
replacements of over 30 per cent. The average replace- 
ments were 1.1 for Metropolitan area, 4.5 for the Atlantic 
Coast other than Metropolitan, 5.5 for the Gulf States 
and 10.0 for the Pacific Coast. 

Of 21 stations in the Great Lakes section, three re- 
ported average replacements yearly of over 1 per cent, 
nine reported negligible failures. East Chicago has 
serious troubles from corrosion and erosion and reports 
the highest failures and tube replacement of this section, 
11.65 per cent. The replacement of the entire section 
as reported was 0.5 per cent. Of 38 stations reporting 
in the Mississippi Valley section, 6 have yearly average 
replacements of over 1 per cent and 5 of over 10 per 
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cent. Nearly all of the companies reporting high re- 
placements are located in the manufacturing districts on 
the Ohio River and tributaries. The type of failures in 
these districts included corrosion, erosion and splitting. 
The average percentage of failures in this section is 4.4 
per cent on the west side and 3.5 per cent on the east 
side of the Mississippi River. 

With tidal water the Atlantic, Metropolitan and 
Pacific districts reported major replacements from cor- 
rosion, while the Atlantic district other than the Metro- 
politan reported major replacements due to scale. The 
Gulf district reported trouble from erosion. Corrosion 
or corrosion and splitting was the cause of the majority 
of failures in practically all of the fresh water districts. 

By far the greatest number of failures were reported 
as due to corrosion, replacements based on the total 
number of tubes installed being given as 2.5, 0.7, 0.2 and 
0.2 per cent respectively for corrosion, end corrosion, 
erosion and splitting. 


Blowing Down and Cleaning 


of Boilers 
By H. R. WiiuiamMs 


LEMENTS that cause seale in the boilers are those 

which are non-volatile or, in other words, those that 

do volatilize with the steam but remain in the boiler. 

Blowing down of boilers should be regulated by the 
amount of these scale-forming elements. 

In many eases where trouble is reported, an investi- 
gation shows that the boilers are not being blown down 
regularly. In the case of horizontal water-tube boilers. 
they should always be blown first from the mud drum 
valve, and as that valve is closed, the water leg blow 
valve should be opened so as to carry out all substances 
which were thrown to the back water leg when the upper 
blowoff valve was open. 

When the fire is first pulled from a boiler, agitation 
and circulation of the water in the drums soon ceases. 
At or nearing this point the accumulation of foreign 
matter, which is part scale forming elements held in sus- 
pension in the water, begins to settle, lodging on the 
tubes and shell of the boiler where the intense heat soon 
hardens it. 

For this reason it is considered good practice to blow 
the boiler down at least two gages soon after pulling 
the fire. In fact, it may be advisable to blow down sev- 
eral times, depending on the amount of dirt in the water. 
The water should then be allowed to stay in the boiler 
until it is ready to open and, when the valve is open to 
let the water out, the top manhead should be opened 
and a hose inserted to wash the boiler down as the water 
level drops. This removes what scale forming elements 
there are on the shell while in a wet soft condition. If 
water is allowed to go down without washing and the 
boiler opened and dried, all substances on the metal will 
immediately harden and in many cases it will be impos- 
sible to remove them except by mechanical means. 

After the boiler is thoroughly washed out and left 
open to dry for a while, a second washing of the dry 
boiler will assist in cracking off a large part of the 
remaining scale. 
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Large Gear Remodeled in 
Place by Oxygen Lance 


HAT AT FIRST appeared to be a serious and 
costly emergency in a steel mill was reduced to 
four hours’ lost working time with small charge for 
material and labor by the use of the oxy-acetylene 
process. On a Saturday morning in the sheet and tin 
plate mill of a large steel plant, a 23-ft. diameter steel 
gear started to slip. A hasty inspection disclosed that 
the gear was already drawn up as far as possible and 
that it would be necessary to remove metal from one 
section of the split hub in order to tighten the gear on 
the shaft. 
Taking the gear apart, transporting it to the ma- 
chine shop and removing 34 in. of metal from one section 
of the split hub with a planer and reerecting it would 





FINISHED CUT 
AFTER 470 CU. IN. OF 
CAST IRON HAD BEEN 
REMOVED FROM THE 
HUB 


FIG. 1. CUTTING EXCESS FIG. 2. 

METAL FROM THE GEAR 

HUB WITH AN OXYGEN 
LANCE 


take four days with a cost estimated at $2000. Since the 
plant was operated on 100 per cent production basis, 
stoppage of work on Monday, Tuesday and Wednesday 
would have meant a further loss to the plant of about 
$15,000 profits from the material normally produced in 
these three days, as well as a much greater loss because 
of delayed production schedules. 

After investigation, a welding service engineer re- 
ported that the excess metal could be removed by means 
of a cutting blow pipe supported by an oxygen lance. 
The necessary equipment was assembled and work 
started. It required 14 hours’ labor for five men to do 
the job of cutting, and the total cost of the work, in- 
cluding, oxygen, acetylene, labor and steel pipe for the 
oxygen lamp amounted to about $110. The size of the 
gear is shown in Fig. 1. 

The section cut out as shown in Fig. 2, was 3 ft. 
11 in. in greatest length. The cutting blow pipe re- 
moved altogether about 470 cu. in. of east iron from 
the hub. The cost of the oxyacetylene cutting was a 
trifle over 1/20 of the estimated cost of machining and 
handling in the machine shop. The job was completed 
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by Sunday afternoon and the gear was back in place and 
ready for operation Monday morning. 


Status of Hydro-Electric 
Development’ 


Point oF VieEW OF THE FEDERAL POWER COMMISSION. 
By GLEN Epear EpGerton, Masor, Corps oF ENGINEERS, 
U.S. A.; Cuter ENGINEER, FEDERAL PowEerR COMMISSION 


UTHORITY of the United States in the matter of 
water-power development is derived from the pro- 
visions of the Constitution, which give the Federal 
Government complete control of the lands and other 
property belonging to the United States; the right to 
exercise jurisdiction over navigable waters in the inter- 
ests of interstate and foreign commerce; and the control 
of the international boundary waters as an adjunct of 
the treaty-making powers. If a power development 
affects any one of these three interests, it falls within 
the paramount jurisdiction of the National Government. 
The Federal water power act of June 10, 1920, pre- 
seribes the policy of the National Government in the 
exercise of its authority over water power. The policy 
may be briefly stated as providing for the development 
of such resources in accordance with the laws of the 
several states by private or municipal capital under con- 
ditions which secure the most beneficial uses of the 
water resources involved, protect the capital investment 
without relinquishing the Government’s authority, and 
prevent the evasion of public supervision of the rates 
and services of public utilities. This policy does not an- 
ticipate the development of power by the Government, 
except in unusual cases, in which a procedure for the 
initiation of special legislation is provided. 

By this act the Federal Power Commssion was estab- 
lished as the agency through which the jurisdiction of 
Congress is exercised more promptly and effectively 
than if each case required special legislation. The act 
applies to water power only, and the Commission, having 
authority in that field alone, can not authorize even the 
construction or operation of a transmission line if it is to 
be used solely for fuel-generated power. 


NATIONAL AGENCY TO AID DEVELOPMENT 


The Federal Power Commission, therefore, views this 
subject from the standpoint of the national agency 
established to facilitate the development and use, under 
proper regulation, of those water-power resources that 
may not be developed without the consent of the Govern- 
ment. 

As to physical conditions, therefore, we have at pres- 
ent approximately 16 per cent of our potential water- 
power resources developed, at least 5 per cent in process 
of development, and about 8 per cent more under investi- 
gation with a view to early development. The completed 
hydro projects of all kinds appear to be supplying in the 
neighborhood of one-third of the total quantity of elec- 
trical energy generated in this country. 

No consideration of the subject would be complete 
if it were restricted to the physical condition alone. 
Attention must also be given to the legal situation. The 


*Abstract of paper presented at the Midwest Power Con- 
ference. 




































































general terms of the Federal legislation, the Federal 
water power act, have already been indicated. They have 
been in effect for nearly eight years and little criticism 
of a practical or constructive nature has been made con- 
cerning the important provisions of this law. It may be 
stated confidently that the policy enunciated in the act 
is favorable to the development and use of water powers. 
There is, however, a noticeable tendency to withhold 
important power resources from the immediate applica- 
tion of this sound and effective general policy. 

Whether or not they come within the scope of the 
authority of the Federal Power Commission, water- 
power developments must be made in compliance with 
the laws of the States in which they are located. The 
National law emphasizes this fact by specifically requir- 
ing the Commission to secure satisfactory evidence of 
compliance with state laws concerning the use of the bed 
and banks of streams, the appropriation of water, and 
the right to engage in business, upon the part of each 
prospective licensee. In the forty-eight states there are 
almost as many varieties of laws of this kind. 


No RapicaL CHANGES ANTICIPATED 


There appears to be little reason to anticipate radical 
change in the status of hydro-electric development in the 
near future. No evidence is observed that there is any 
general falling off in the rate of growth in the demand 
for electrical energy. On the contrary, the higher stand- 
ards of living in this country, the educational campaigns 
that have taught potential consumers the benefits of 
electrical service, the development of new types of elec- 
trical equipment, both household and industrial, and 
the growing tendency to substitute electrical power for 
mechanical power and human labor, all point towards a 
healthy growth in the entire electrical industry. The 
rapid extensions of arrangements for interconnection 
and interchange of power, which permit the utilization 
of the large quantities of secondary power that charac- 
terize many water-power developments, the prevailing 
low rates of interest required to attract capital to public 
utility investments, and the adaptation of navigation 
projects to permit the use of the structures for power 
development as well as navigation, are all factors which 
give confidence that water power will keep pace with 
the rest of the electrical industry. 

On the other hand, recent improvements in the effi- 
ciencies of fuel generating plants, and still higher effi- 
ciencies that seem to be just ahead, together with marked 
decreases in the capital cost per kilowatt, may serve to 
accelerate the development of fuel generation at the 
expense of hydro. The growth of hydro development 
will also be unfavorably influenced by the preemption 
and development of the more economical sites, leaving 
always the less attractive ones for the future. 


Aside from strictly economic considerations, it is. 


reasonable to hope that problems like those of the Colo- 
rado, Tennessee, and St. Lawrence rivers will be settled 
in such a way as to remove the artificial obstacles which 
now prevent their effective use for power purposes. 
While there may have been a recent tendency in some 
states to enact legislation unfavorable to water power, it 
seems probable that this may indicate merely the awaken- 
ing of public interest. Any errors that may have been 
made will undoubtedly be corrected when the relative 
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values of water and fuel in power production are more 
generally understood. 

On the whole, the present status of hydro-electric 
development is, perhaps, satisfactory ; it can scarcely be 
described as gratifying. The present and prospective 
rates of development compare not unfavorably with 
those of steam power, but only a small part of the poten- 
tial water-power resources of the country has actually 
been put to use. Political considerations still prevent 
the application of the principles of the Federal water 
power act to some of our major water powers, and the 
states do not all exert their extensive authority in the 
field of water power wisely and effectively. It is the 
aim of the Federal Power Commission to further the 
development of water power as extensively as economic 
conditions will permit. That objective can be attained 
only if the states adopt a similar policy and if the exist- 
ing restrictions upon important power streams are per- 
manently removed. 


Ten Commandments for Plant 
Executives 


ROM a large factory in San Francisco comes what 

is called the ‘‘Ten Commandments for Foremen,”’ 
which are posted conspicuously in the superintendent’s 
office. Of such indisputable value are they we are re- 
printing them here since they might well be adopted 
by nearly every establishment. Needless to say, if every 
foreman strictly obeyed these commands at all times, 
the present excessive cost of labor turnover would be 
largely eliminated. The ‘‘Commandments’’ follow: 

1. Be fair. Have no favorites and no scapegoats. 
A foreman must act as judge many times every day; 
therefore, he must be fair. 

2. Make few promises and keep them. Foremen 
must be exact in this particular. Never forget that 
your job requires a high standard of truth and honor. 

3. Don’t waste anger—use it. Anger is valuable 
and should not be used carelessly. Keep your most 
forceful language for special occasions. 

4, Always hear the other side. Never blame a 
worker until he has had time to give his own point of 
view. 

5. Don’t hold spite. When you have to scold a 
worker, go to him and show him his faults in a friendly 
way. 

6. Never show disappointment. Never let yourself 
be beaten. A foreman must have perseverance and the 
“*never-say-die’’ spirit. 

7. Notice the good work as well as the bad. Let 
the workers see that you can appreciate as well as 
condemn. 

8. Watch for special ability. Take a keen interest 
in your workers. Put each one where he can do his 
best. 

9. Take your full share of the blame. This is the 
most difficult of all. The foreman who can-share both 
blame and praise with his workers has discovered the 
secret of managing men. : 

10. Prevent accidents. Educate or eliminate the 
careless man. The good foreman is known by his men 
and the work they do. 
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Procedure in Starting Up a New 


Generator 


‘IN THE ISSUE of Feb. 15, 1928, Marin Phillips, in 
Part III of a series of articles under the above title, 
shows, in Figs. 1—6, certain diagrams of methods for 
synchronizing and phasing out generators. The methods 
indicated are correct and these comments are not in- 
tended as criticism but from a practical viewpoint they 
may be pertinent in bringing the methods closer to a 
real application as required by the average operator. 

The general fundamentals are stated in the second 
paragraph of the article, namely that ‘‘First the fre- 
quency must be the same and second, the phase rotation 
must be the same.’’ These statements are correct but a 
third should be added, i.e., the voltage of the incoming 
unit should be the same as or as close to that of the unit 
in operation as experience indicates is advisable to as- 
sure the least disturbance to the system. 

It is not unusual that the final phasing out of a new 
unit, before it is finally put into service, is done under 
pressure or under conditions which are likely to put the 
skill and judgment of the one in charge to a severe test, 
hence it is particularly desirable to use methods which 
are beyond question and allow, in themselves, checks to 
be made which will definitely assure and make positively 
certain a satisfactory result. 

Referring to diagram B, which is a substitute for 
Fig. 3 in the article referred to, the motor is here re- 
placed by two lamps or two series of lamps of the correct 
voltage for the circuit and a reactor which may be the 
trip coil of an oil circuit breaker or the coil of a 
plunger relay, in fact, any type of reactor suitable for 
the voltage of the circuit. If the rotation of the three- 
phase circuit is 1-2-3, lamp X will be bright and lamp 
Y will be dim; if it is 3-2-1, lamp Y will be bright and 
X will be dim. In other words, we have here a rotation 
testing outfit which can be made up of the simplest type 
of equipment, in fact, the writer has used two lamps 
in the ordinary weather-proof socket and the trip coil 
of a breaker. The advantage of this equipment over a 
motor is its extreme simplicity and portability. Diagram 
C shows the same method using potential transformers. 
Both of the methods indicated in B and C are used the 
same way that those in Figs. 3 and 5 in the original 
article are used. 

Diagram A, which is the equivalent of Fig. 1 in the 
article, brings out a point which is very often overlooked 
in phasing out units, namely, that of the difficulty of 
checking polarity when it is difficult to trace the leads. 
If the incoming generator leads are disconnected at its 
terminals, the main switch or breaker may be safely 
closed. The lamps will then indicate the exact condition 
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at synchronism and, if a connection has been incor- 
rectly made, one or more of the lamps in this method will 
burn, if, for instance, lamp R had been connected 1-2 
instead of 1-1, or lamp S to 2-3 instead of 3-3. This 
may seem an unnecessary test, but experience indicates 
that it is well worth the trouble involved. 

Diagram D is intended to show a method which is in 
general the same as the one shown in Fig. 4 of the 
original article. Its advantage lies in the fact that 
standard potential transformers can be used. Although 



























































MAIN BUS 
z b 
2} 3 {2b as 
7 
2 4 pe 
R 4 7 < ROTATION 
t TEST SET 
2] 3 
x x & POINTS OF 
1| 2] 3] DISCONNECTION 
A B 




















[tH 











x X AxPOINTS OF DISCON. 
. FOR TRANS. POLARITY 


D 


DIAGRAMS SHOWING CONNECTIONS USED IN SYNCHRO- 
NIZING AND PHASING OUT GENERATORS 








not definitely stated in the original article, the method 
shown in Fig. 4 would require 4600-v. potential trans- 
formers. The writer recently had to phase out a 
13,200-v. generator, which would have required three 
26,400-v. transformers for the method shown in Fig. 1, 
or six 13,200-v. transformers connected in three groups 
of two in series; the method shown in diagram D al- 
lowed the use of four standard 13,200-v. transformers, 
two of which were installed with the new generator and 
the other two were already connected to the existing 
bus. 

To make sure of the connections of this method the 
generator terminals may be disconnected and the main 
switch closed, the lamps will then show the conditions 
as they would exist at synchronism in a similar manner 
as previously described for diagram A, and will settle 
once and for all the question of the relative polarity 
of the potential transformers. If the lamps do not all 
burn brightly or are dark as desired, the connections 
can be changed to obtain the condition desired, either 
on the high or low voltage side of one set. When the 
lamps give the condition desired at synchronism, the 
main switch is opened and the incoming machine re- 


















































connected and brought up to speed; if its phase rotation 
is not the same as the existing bus, the lamps will not 
show the same conditions as was obtained during the 
polarity test and two of its leads must be interchanged. 

This method of testing the polarity of the potential 
transformers is particularly desirable when transformers 
of different makes are in use and also as even the most 
eareful factory inspection will sometimes permit appa- 
ratus to leave with incorrect polarity markings. 

After the phase rotation of a generator has been 
checked, the operation of a synchroscope, if one is used, 
must also be checked. Since this instrument is of the 
single phase type it is always best to do so as shown at 
E by disconnecting the generator leads at its terminals 
and closing the main switch or breaker; as in the case 
of the lamps in diagram D, the instrument will show its 
position at synchronism and it is not an unusual occur- 
rence to have the pointer take its position at the bottom 
of the face instead of at the zero position at the top. 
This condition is readily corrected by interchanging the 
incoming generator potential transformer leads at F* 
and E? at the synchroscope. 

It will be noted that the advantage in making the 
tests in diagrams D and E lies in the fact that the po- 
tential transformers can be connected at random without 
any actual previous knowledge of their relative polarity. 

An interesting feature in connection with the method 
shown in diagram D is in the relation of the connections 
on the low voltage side of the potential transformers 
when they are mounted with the low voltage sides 
facing one another. In diagram D they are shown sym- 
metrically placed ; in diagram F they are shown with the 
low voltage terminals facing each other. It is necessary 
therefore to cross the leads as indicated if all transform- 
ers have the same relative polarity. This condition can 
be readily checked by following the numbering of the 
respective terminals. In actual practice they can be 
readily checked by the methods here outlined. 

Brooklyn, N. Y. C. O. von DANNENBERG. 


Examinations for Operating Engineers 


THE EDITORIAL comment on ‘‘Examinations for Op- 
erating Engineers’’ in the March 1 issue recalls to my 
mind an old catch question that used to be and probably 
still is, asked at nearly every examination for engineer’s 
license. ‘‘ What is the most important nut on an engine ?’’ 
An engineer up for his first license before the examiners 
would silently name every nut on an engine and after 
deciding that one nut was just as important as another, 
would answer ‘‘I don’t know,’’ and have the examiner 
say to him, ‘‘A loose one, young feller, a loose one.”’’ 
And didn’t we feel foolish then? All over the country 
we find questions asked by every examiner that are just 
as silly. 

Where is the engineer who has not answered questions 
satisfactorily to the examiner and then operated his 
boilers just the reverse to the answers he gave in the 
examination? I remember an incident that occurred 
when I was employed in a city ranking very high in 
automobile production. Coming on watch in the morn- 
ing, I was met by the chief, who said that the night 
fireman had let the water get low in gur No. 2 Stirling 
boiler and burned out the fusible plug. When I told 
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him there was no plug in that particular boiler, his 
pressure began to rise. After he had popped off for 
about 10 minutes, we examined the boiler and found a 
tube ruptured in the front bank. When the boiler had 
cooled down we inspected it very thoroughly (as I had 
done before) and found not only no fusible plug but 
not even a hole drilled and tapped for one. And this 
in a city where there is or was a rigid inspection law! 
Now, the examiner was one of those hard-boiled old 
timers who call a spade a spade. Had I told him I 
would operate a boiler under those conditions, when he 
was examining me for a license, do you think he would 
have given it to me? Not much. 

In my opinion, there should be a standard set of 
questions asked each applicant for an engineer’s license. 
These questions should be standard everywhere there is 
a license law, just as the boiler code is enforced. In that 
manner we would do away with the foolish questions. 
They certainly do not in any way prove the ability of an 
engineer to operate machinery safely. 


Louisville, Ky. Frep E. Bonn. 


Piping Connections for Sampling 
Flue Gas 


ReGarDING Mr. Emmarr’s reference to my article, 
‘*Piping Connections for Sampling Flue Gas,’’ pub- 
lished on page 1161 of the November 1 issue, I must 
return his compliment. We have encountered no trouble 
by having two high pressure lines on our apparatus, and, 
as a matter of fact, we find that the steam line is very 
seldom used, air being able to meet our requirements and 
being our original installation, was regularly used. I 
might add that the steam was added to make our appa- 
ratus the more dependable. 

Perhaps my original article should have mentioned 
the fact that our steam supply is disconnected at its 
source, except when it is required, because this is a high 
pressure line and I am sure that Mr. Emmarr could 
not consider a high pressure steam line a more conveni- 
ent apparatus than an ordinary air line, particularly 
when the air is more accessible, as in our case. With our 
method we have no need for any disconnections every 
time our line is used, with a result that it is used more 
frequently, thereby giving us better maintenance of the 
line in question and a possibility of obtaining gas anal- 
yses easier and quicker on our extremely regular gas 
testing. 

To take Mr. Emmarr’s second item, I have covered 
this pretty well and while I agree with him on the 
cleansing effect of steam, I still maintain that the use 
of high pressure steam is out of the question for routine 
line cleaning, particularly where air is readily avail- 
able, as on the installation in question. I do not believe 
any Orsat can obtain a quicker or more dependable 
sample than on our installation and I believe the instal- 
lation quite sufficient in itself for we have made many 
different attempts of the nature described by Mr. Em- 
marr and have discarded all of them in favor of our 
present system; I assuredly cannot agree with him 
about interchanging hot ends to prevent plugging, as 
our maintenance men have more necessary duties to 
perform. 

As to his third item, I assumed that the frequent use 
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of our simple air line so excludes the possibility of the 
formation of oxides, due to entirely changing the air 
within the line prior to sampling that we have no dead 
air remaining, consequently have a good sample showing 
the immediate furnace condition with no time lag due to 
dead air in the sampling pipe. I am sorry that I cannot 
agree with this writer regarding sampling of air at the 
breeching in spite of the lower temperature. As a matter 
of fact, our regular tests are made in the last pass, these 
are followed by periodic tests at the breeching and their 
agreement gives us much information, but their dis- 
agreement gives us considerably more and while samples 
may be taken at the breeching, they will agree only so 
long as no air leaks are allowing a change of the gas 
content up to that point. The conditions we actually 
want are in the last pass and we hope they are the same 
at the breeching, but both places must be checked for 
assurance, regardless of the heat. I am also sure that 
Mr. Emmarr will find that water-cooled sampling tubes 
would provide a terrible maintenance problem unless he 
used pure water for this cooling, otherwise scale, etc., 
would make them useless in a short while. 
Aurora, II. E. J. Morrissey. 


Locate Boiler Feed Pumps 
Conveniently 


IN ISOLATED steam plants, particularly of the smaller 
types, there seems to be an almost universal practice 
of placing the steam pump with which the boiler is fed, 
in some obscure, out-of-the-way corner, sometimes under 
a flight of stairs and often so close to one or even two 
walls that a person cannot get behind the pump when 
repair work must be done there. The writer has ofttimes 
found it impossible to remove a piston or a rod for re- 
pairs without removing the pump from its foundation, 
or without knocking a hole through the wall of the 
building. In some instances, instead of replacing boards 
or bricks, a frame would be built into the hole and a 
small window, door or shutter, removably placed therein. 

In all the small isolated plants which the writer has 
constructed, he has always placed the boiler feed pump 
out in the open, where it could be easily gotten at from 
all sides. The matter was also carried farther for, in- 
stead of placing the feed pump upon the floor or ground, 
a foundation would be built up high enough that a man 
could work at the pump without bending or squatting. 
When such a foundation was built, either of brick or of 
concrete, small anchor bolts would be built in to receive 
a top surface of heavy plank or a timber, which would 
be permanently fastened to the foundation by the anchor- 
bolts already mentioned. Such construction permitted 
any pump to be fastened in place by means of lag screws 
and, in connecting up a pump, it is often found a great 
convenience to be able to move the pump an inch or so, 
in one direction or another. With built-in anchor bolts, 
it is sometimes awkward to change anchor bolts to receive 
a new pump. 

When erecting a boiler feed pump, give a lot of 
thought to the piping and its connections. Aim to keep 
the piping as simple and direct as possible. Don’t over- 
look some necessary connection and then have to put in 
one of the ‘‘crazy-quilt patchwork’’ layouts of pipe and 
fittings, all too often found around boiler feed pumps. 
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Never screw a piece of pipe into place around a feed 
pump or anywhere else, without first reaming both ends 
of the piece of pipe until full opening had been obtained. 
Do not use either red lead or litharge for coating pipe- 
threads before screwing them together. Use good clean 
graphite, either of the flake or the powdered kind and 
mix with ordinary machine oil, never with linseed or any 
other ‘‘drying’’ oil. Mix the graphite to the consistency 
of a paste with the oil, until the mixture will neither 
‘‘run’’ nor ‘‘erumble’’ when placed upon the pipe 
threads. 

It is a pipe-fitter’s rule never to put red lead ‘‘dope”’ 
into internal threads, the penalty for so doing being 
sometimes the partial closing of a pipe with a clot of 
red-lead which has been forced from between the threads 
and collected in a ball in some nearby fitting. 

The writer has found it preferable when fitting feed 
pump piping, to apply the graphite and oil with a very 
small and stiff-bristled brush similar to the brushes 
which accompany bottles of mucilage. Sparingly but 
completely, paint about five or six threads, both on the 
pipe and in the fitting, then screw them together and 
a tight joint will result, with no mixture in the threads 
to harden and make it difficult or impossible to ‘‘break- 
out’’ a joint, without perhaps spoiling a piece of pipe 
or a fitting. 

Never have a ‘‘built-in’’ pipe in a pump foundation. 
If necessary or convenient to run a pipe through the 
foundation, pass the pipe through a hole large enough to 
permit the necessary movements which accompany mak- 
ing up screwed pipe connections. If you are obliged to 
tolerate some underground pipes, never make the mistake 
of burying the pipes in the ground. Place the pipes in 
some kind of conduit where the pipes are convenient and 
where there is room enough to insert a pipe wrench. 

Indianapolis, Ind. JAMES F., Hoparr. 


Pneumatic Coal Handling 

WE HAVE noticed the article on the above subject 
which was published on page 173 of your Feb. 1 issue 
and is a resume of one that had been published in 
Engineering of London. The system described was 
experimented with in this country about 25 yr. ago 
and all such installations of which we have knowledge 
have long since been discarded. The item of power cost 
which your article says is against the system is perhaps 
the most lenient indictment. 

One of the most serious of its disadvantages is that 
wet coal will stick in the pipe and plug up the system 
and American practice today demands the handling of 
wet sticky and increasingly lower grades of coal. The 
system is essentially a low-capacity system which is 
against American trends. Furthermore, the system will 
not handle lump coal. 

Philadelphia, Pa. H. S. Forp. 

THE PENNSYLVANIA WATER & Power Co., Holtwood, 
Pa., is completing plans for a proposed new hydroelectric 
plant at Safe Harbor on the Susquehanna River, about 
9 mi. above the present Holtwood Station. It is expected 
that the station will cost about $20,000,000. 


NEVER GUESS. Guessing is gambling. It is better to 
know than to guess. 
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Steam Plant Operation 


In LOOKING through the February 15 issue, I notice 
a question or two on page 263 which I wish to answer 
in a different way. 

It has been my experience, covering 30 yr., to have a 
partial vacuum in the receiver of a compound engine as 
often as four or five times in one hour. This condition 
obtains in suburban electric power stations and in the 
rolling mills. Shortening the cutoff on the low-pressure 
cylinder, under normal running conditions, would cause 
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RECEIVER CONNECTIONS EITHER ONE OF WHICH MAY 
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the receiver pressure to rise, but when the load drops 
off from 125 per cent to 10 per cent, the above mentioned 
adjustment fails. 

By the second question, on lubrication, one would 
expect that the first question was answered, but such is 
not the case. To be sure, when the pressure fails in the 
low-pressure cylinder, atomization of the oil fails and 
lubrication is at a disadvantage but force feed lubri- 
eators and hand pumps have helped to eliminate scoring. 
When the receiver is under a partial vacuum, and con- 
densation is taking place more rapidly, where does it 
(the condensation) go? If an auxiliary drum, as 
shown in the sketch, is employed so as to hold all the 
condensation that forms between the low load periods, 
trouble may possibly be avoided; but it is not uncom- 
mon practice to use a vacuum trap to discharge this 
water. It is possible that some low-pressure heads have 
been ruptured through this very cause, although the 
mechanical coroner called it ‘‘water from the con- 
denser.’’ 

Under the caption ‘‘Inertia Governor vs. Centrifugal 
Governor’’ the answer is perhaps somewhat misleading. 
It seems to me that two of the most prominent builders 
of engines with riding cutoff valves used centrifugal 
governors. The reason I say ‘‘used’’ is because one of 


these builders has since taken up another line. 
While I write these few lines, a very large engine 
with riding cutoff valves is nearby and the governor is 


April 1, 1928 


not only centrifugal but it is equipped with a pair of 
extremely large gag pots. 
New York City. 


JOE Brown. 


Shavings and Sawdust as Fuel 


Durine the past July, we installed a 72 in. by 18-ft. 
h.r.t. boiler, using a\28-in. setting. In the front of this 
boiler is an opening 5 by 10 in., that is 8 in. above right 
fire door, one half over door and one half to right of 
door. A spout goes through the front arch directly into 
the furnace. Shavings and sawdust are blown through 
this cast-iron spout with enough air from a 72-in. blower 
to carry them through a pipe on the roof that has a fall 
of 3 ft. 6 in. in 16 ft. We would like to know the effect 
this amount of air has on combustion and what you 
would suggest to improve conditions. LF. 

A. You are using entirely too much air and your 
combustion space is too small. Theoretically you should 
require only 6 lb. of air per lb. of wood. In practice, due 
to impurities in fuel and the difficulties of getting air 
into contact with all the particles, it is impossible to 
obtain perfect combustion with the theoretical amount 
of air and an excess amount, sometimes equal to double 
the theoretical amount, is required: Usually in a prop- 
erly designed furnace, about 50 per cent excess air is 
sufficient to meet requirements. 

Excess air in a furnace is a source of waste. It 
lowers the temperature of combustion by dilution; it 
retards heat absorption by decreasing the difference of 
temperature between gases and boiler contents; and it 
increases the quantity of the products of combustion so 
that the chimney gases carry off an undue amount of 
heat. 

Wood shavings and sawdust should not be blown 
directly into a furnace; they may be blown into a 
eyclone on the roof from which they should be brought 
by gravity to about the feeding level but not entered 
directly into the furnace. From the bin they should be 
conveyed through a feed gate over the top of the fur- 
nace and dropped into the top of the furnace. 

For proper combustion, ample space must be pro- 
vided. If the combustion space is too small the rate of 
combustion will be limited. Arches are sometimes 
needed to reflect heat for drying and igniting the fuel. 

In firing fine wood refuse it is well to observe the 
following rules: 

1. Keep pit doors open at all times on boilers in 
service. 

2. Control the steam pressure and main air supply 
with the boiler damper. Supply the necessary fuel to 
generate the quantity of steam required. 

3. Admit air at all times over the fire by keeping 
the fire doors partly open. Regulate the opening of the 
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doors to prevent the discharge of dark smoke from the 
stack. The stack should be clear or a light haze should 
leave it. Planer shavings and dry fuel require wider 
fire-door opening than wet, fine fuel. 

4. Fire often and in small quantities rather than 
in large quantities and less frequently. 

5. Keep the fire thin in front and heavy in rear; 
top of rear fuel cones should be closer to arch than top 
of front fuel cones. 

6. Fire in front should reach about four to six 
inches over the dead plate at the center of firing doors. 
It is better to have the grates slightly uncovered at the 
front than to have too much fuel charged. 

7. The fire at the front should always appear bright 
and active. The firedoor opening should show bright 
when viewed from the firing floor; a dark door shows 
the fuel bed too heavy. 

8. The fire should be heavy enough in the rear to 
prevent vicious flame coming through at the bridgewall. 

9. With coarse, dry fuel the fire should slope at rear 
to slightly below the top of the bridgewall. With wet 
fuel it should be somewhat thinner. With fine, wet fuel 
the fire at the rear should slope to about half-way up 
the bridgewall. 

10. Fire in the rear should be carried heavier for 
coarse and dry fuels and thinner for fine, wet fuels. 

11. At no time entirely close the ashpit or firing 
doors on a boiler in service; use the boiler damper for 
main control of air supply. 


Slag Reduces Efficiency of Boiler Tubes 


Stagaine Difficulties Being Reduced, which ap- 
peared in the November 1, 1927, issue, was interesting. 
We are having considerable trouble with slag depositing 
on the bottom row of tubes of our B. & W. boiler, so 
much so, that it is necessary to run fire off of our forced 
draft chain grate stoker at least every three weeks and 
then send men into the furnace to remove this slag. 

Newark, N. J. R. N. S. 

A. Formation of slag on boiler tubes is caused by 
the fusion of ash with iron disulphide (Fe S,) com- 
monly known as iron pyrites when accompanied by suf- 
ficiently high temperature. When sulphur is one of the 
constituents of coal, it is usually found in the combina- 
tion with iron just mentioned. Free sulphur in coal does 
not tend to form clinker. Slag or clinker formation 
may, therefore, be prevented by reducing the tempera- 
ture of combustion or by any change in fuel. 

With some coals, the melting point of the ash is as 
low as 1800 deg. F., while the ash in other coals may 
not melt under a temperature as high as 2800 deg., al- 
though few coals contain ash that will withstand a tem- 
perature approaching this latter figure. Furnace tem- 
peratures as high as 2200 deg. are frequently maintained 
under forced draft conditions. Temperatures beyond 
2400 deg. are not common in practice. If your coal con- 
tains an ash that melts at a temperature below that of 
your furnace, the ash will melt if brought into that part 
of the furnace in which the high temperature occurs. 

Temperature of combustion may be reduced in sev- 
eral ways. Exhaust steam injected under the grate is 
known to reduce clinker formation on the grate by rea- 
son of absorption of heat required to evaporate the water 
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it contains and dissociate the steam itself. In a like 
manner exhaust steam may be used to reduce the tem- 
perature above the grate. Both of these methods are 
expedients, however, as they are wasteful of heat and 
should be used only for ‘temporary relief. Cooling of 
furnace walls by means of either water on its way to 
the boiler or air used later in the process of combustion 
will also reduce this temperature. Both of these methods 
have the advantage that the heat is not wasted. 

An effective way to reduce the temperature above the 
grate is to expose more of the boiler tubes to the radiant 
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CHANGE IN BAFFLING REDUCES TEMPERATURE IN 
FURNACE AND REDUCES SLAGGING TENDENCY 








heat by changing the baffling as shown in illustration 
in which A probably represents your present condition 
and B the proposed change in baffling. It is possible also 
that, with the draft you are now using, your grate is set 
too close to the tubes. Changing your setting would 
probably not only relieve your trouble, but permit you 
to operate at a reduced draft. 

By selecting a coal high in ash-fusion temperature 
and low in, if not free of, iron-disufphide, there would 
be little likelihood that slag would be formed. 


Ir Is EASIER and quicker to do a thing right the 
first time. 
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Nature’s Reminders 


The failure of the St. Francis Dam near Los Angeles 
several days ago, resulting in the deaths of hundreds of 
people and in the destruction of millions of dollars worth 
of property, is a sad reminder of how puny man’s 
efforts are against the unleashed forees of nature. In 
these days of marvelous achievements in engineering, 
when no project seems too big for men to tackle, when, 
one after another, obstacles of bygone years are over- 
come, we sometimes forget our insignificance and, with 
that characteristic conceit so typical of the human race, 
give expression to our mastery over nature’s forces 
Here, we proclaim the harnessing of a mighty river; 
in another place, we boast of our control of infectious 
disease; again we sing of our conquest over land, sea 
and air. In all lines of endeavor, nature’s forces re- 
spond to our will and we call upon the gods to witness it. 

Nature, for the most part, is tolerant and humors 
us. Our dams impound great lakes of water which pro- 
duce power and give us leisure; our knowledge of medi- 
eine keeps us healthy and adds years to our lives; our 
airships cover in a single hour distances that formerly 
took weeks and our ocean greyhounds make transatlan- 
tie travel a pleasure rather than hardship. Everything 
looks rosy. 

And then, at a time when we are least wary, Nature 
shrugs her shoulders, so to speak—becomes fed up on 
our conceit, perhaps, and where a moment before stood 
a great dam of steel and stone, representing years of 
man’s effort, there is a yawning gap and the waters 
we so carefully stored are sent swirling down valleys, 
carrying death and destruction before them. Or an in- 
fluenza epidemic sweeps the world, destroying more 
humanity in one month than man is able in years of war 
and all our medical science is helpless against it. Again, 
a Shenandoah, queen of the air, leaves Lakehurst for a 
short inland voyage and a summer thunderstorm crum- 
ples it up like so much paper in less time than it takes 
to tell. 

Man’s Power over Nature! The angels must laugh. 
Man exists upon earth merely because Nature has so 
balanced conditions as to enable him to survive. This 
is well illustrated in the matter of temperature. It has 
been shown that if the variation in temperature over 
the surface of the earth exceeded seven per cent on the 
absolute scale of temperature for any considerable length 
of time, life could not exist. Now, seven per cent isn’t 
much; yet, since life has existed upon this earth for mil- 
lions of years, it is evident that in all these ages the 
temperature variation has been within that narrow range. 
There is little man could do to save himself if Nature 
should take a fancy to exceed the seven per cent varia- 
tion. 

Within the limits imposed by nature, however, man 
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is an audacious little animal and while, perhaps, the 
angels sometimes snicker at his antics, at the same time 
he must command their admiration. The building of a 
dam or the cutting of a canal between two oceans or 
jumping over the Atlantic are not feats for a sloth, 
yet man does all these things with amazing success. 
True, his dams sometimes break; now and then a moun- 
tain slides into his canal and his airships frequently 


fail to make their hops, but he is never discouraged. 


Regardless of what caused the St. Francis dam to fail. 
before the waters have entirely receded, we find man at 
work building it up again. . 

Surely such perseverance cannot be lightly disre- 
garded and so, when, with arms akimbo and with chest 
extended, man struts about confident in his power over 
nature, shouting it to the world, kindly Nature smiles 
and lets him have his way, one in a while, however, 
reminding him that he is not the main cheese in this 
universe. These reminders are not often gentle to man’s 
way of thinking, but they serve to keep his feet on earth 
where they belong. 


Power and the Industrial Growth 


A thorough investigation into industrial production 
reveals a striking relation between the industrial use 
of power, the industrial output, and prosperity of a 
community. Two Englishmen in the book ‘‘ Eclipse or 
Empire’’ report their studies of 24 industries and their 
summary shows that the electric power consumption per 
American worker is almost triple that of the British 
worker and that the average of the year’s output was 
also three times as great. In itself, this ratio is impor- 
tant even without the concluding statement that ‘‘ Amer- 
ican wages are almost three times British wages.”’ 

The only possible conclusion is that the American 
wage scale and standard of living is made possible by 
the extensive use of power. Modern industries must of 
necessity be grouped in centers where an abundant and 
cheap supply of power is available. It is the only way 
they can increase the production per worker to a point 
to conform to the high wage standards maintained in 
this country. 

Fortunately transmission problems have been success- 
fully solved so that it is no longer necessary to concen- 
trate industries in a small area. They can and are ex- 
panding to smaller centers where transportation and 
natural facilities are favorable, labor and living condi- 
tions are better and land values lower. 

The Chicago district is one of the most favorable 
districts for new manufacturers to locate in and one 
publie utility company serving a large portion of the 
northern Illinois territory has recently compiled some 
interesting statistics covering new industries which 
started operations in their territory. Comparing 1925 
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with 1927 shows an increase of 119 per cent for new 
industries for the year, the new power demands of these 
companies, based on contracted horsepower, increased 
135 per cent. These figures, of course, do not include 
industries that were already established in the territory. 

For many years, in fact since the birth of the power 
industry, the Chicago district has been one of the best 
served in the world from the standpoint of power. In 
this day when all communities are fighting so hard for 
new industries, it should be encouraging for the power 
industry to realize what an important part it plays in 
the industrial growth. Good salesmanship may have 
been directly responsible for the unusual industrial 
growth in the territory mentioned, but it is safe to say 
that power was the peg upon which the main arguments 
were hung. 


Modern Industry Makes Great Use of 
Direct Current 


In the mind of the average man, it has been our ex- 
perience, the term electric power is intimately connected 
with the thought of alternating current. Just what 
alternating current is, however, he does not know. And 
as to why it alternates—oh! that’s scientific stuff! 

Even engineers, we find, have a sort of subconscious 
feeling that most of the electric power used today is in 
the form of alternating current. A visit to a number 
of representative modern industrial plants, however, 
quickly dispels this incorrect impression. As a matter 
of fact, it is estimated by trustworthy observers that 31 
per cent of the electric power in industry is delivered 
by direct-current motors, which in numbers constitute 
36 per cent of all motors in service. These figures do not 
include the motors used in traction work. 

As pointed out recently by the General Electric Re- 
view, in commenting on one of its articles by Elihu 
Thomson, reviewing the development of the direct- 
current motor, it would require many pages to discuss 
the uses of direct-current motors. Most engineers, of 
course, when they stop to think about the subject, find 
that they are familiar with most of these uses. The one 
most often mentioned is that for driving equipment de- 
manding adjustable speed. Much industrial process ma- 
chinery is of this type. Whether the main power supply 
is purchased or generated, it is usually alternating cur- 
rent but eventually must be changed to direct current 
in the industrial system itself. Various types of controls 
for direct-current motors on hoists, blooming mills, ele- 
vators, material handling equipment and a host of other 
applications, not only give accurate control of adjustable 
speeds but also smooth off the ‘‘bumps’’ so that power is 
drawn steadily from the alternating current supply. 
Commutation has been mastered so that it no longer 
determines the choice between alternating and direct 
current for these applications. Thus we have the para- 
doxical situation that most of the direct-current applica- 
tions occur where the initial power supply is alternating 
current. 

Then, too, the engineer who gets Australia every 
night on his 10-tube Super-Complex knows that direct 
current is the one thing that is indispensable to the 
operation of this equipment. The fundamental prin- 
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ciple of the vacuum tube itself, which has opened up a 
new world to both scientist and layman, depends on 
impressing a constant potential (direct-current voltage) 
on certain parts of the apparatus. 

Finally, the use of direct current for long-distance 
power transmission is by no means the dream of a 
visionary. The principal reason why it is now more eco- 
nomical to generate our primary power as alternating 
eurrent is that the alternator lends itself better to direct 
connection with a turbine at a speed that is efficient for 
the turbine. Assume, however, that we then change the 
alternating to direct current for power transmission. 
We would then eliminate from the transmission line in- 
ductance, reaction, capacity and many of the other fac- 
tors that make the electrical engineer’s hair turn gray, 
and our principal loss would be the I?R loss. Up to the 
present time, the principal reason for the transmission 
of power as alternating current has been that it permits 
the use of the transformer, an apparatus having no mov- 
ing parts and of comparatively small size as compared 
to a motor generator or rotary converter. Then, too, 
circuit breaker operation is different with the two types 
of current. Experiments are now being carried on, how- 
ever, in the transformation of direct current, and have 
resulted in much information of value. 

It is evident, therefore, that the power plant engi- 
neer should by no means neglect to keep himself fully 
informed on the subject of modern direct-current ma- 
chinery. It is a fascinating subject in itself and forms 
an extremely important factor in present-day industry. 


Results from Proper Public Relations 


Speaking before the Iowa Power Conference re- 
cently on the subject of ‘‘The Year’s Record,’’ Joe 
Carmichael, Director of the Iowa Publie Utility Informa- 
tion Bureau, drew attention to three things, a steady 
continuance of the tendency toward consolidations, re- 
sulting in more and more interconnection, a higher 
standard of construction in transmission and distribu- 
tion systems and a more helpful attitude on the part 
of the central station companies toward the farm elec- 
trification problem. 

Practically all the public utility power generated in 
the state of Iowa is produced by 13 companies or groups 
of companies, who own 96 per cent of the generating 
capacity. The remaining 4 per cent is scattered among 
55 municipal plants. 99.7 per cent of the urban pop- 
ulation of the state is located in cities and towns that 
have electric service and the energy generated per cap- 
ita is about 583 kw-hr. per year, placing Iowa 23rd 
among the states of the Union in this respect. Iowa 
is therefore about an average state and a study of its 
progress may be considered more or less as a trend 
of the industry as a whole. 


Probably no state in the union has more drastic or 
hampering public utility regulation than Iowa, yet there 
are few states where the public relations of the central 
station companies are in better shape and so well han- 
dled. 

Towa is a successful example of the results achieved 
by cooperation and education. More states could to 
advantage adopt the policy of close cooperation and 
strict attention to public relations adopted by that state. 
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Wellman Supertest Gate and 
Globe Valve 


SERS OF VALVES for high pressures and high 
temperature purposes will be interested in a new 
type of valve developed by The Wellman-Seaver-Morgan 
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LEFT—WELLMAN SUPERTEST GATE VALVE, SHOWING 
REMOVABLE CAGE CONSTRUCTION. RIGHT—GLOBE VALVE 
DESIGNED ON SAME PRINCIPLES 


Co., Cleveland, Ohio, which is being marketed under the 
trade-name of Wellman Supertest Valve. 

In the Wellman supertest valve the valve seats are 
an integral part of a slightly tapered removable valve- 
cage; the valve cage itself has an external take-up ad- 
justment, designed to compensate for the expansion or 
contraction and to prevent leakage between the walls of 
the cage and the main valve body. 

The valve cage may be utilized to shut off the flow 
through the valve while repairs or adjustments are being 
made, eliminating the necessity of taking the entire valve 
body out of the line. 

The valve cage has guides corresponding with slots 
in the wedge-type gate, to control the path of travel of 
the gate and prevent rubbing of the surfaces of the 
gate and seat. This valve cage is circular in cross-section 
to permit it to be rotated into position or given a 
quarter turn to shut off the flow during repairs. The 
valve seats are flat to allow closing of the valve under 
high pressures, at the same same allowing the valve to 
be easily opened. Gate faces are removable and may 
be replaced when worn or adjusted when desired. A 
solid wedge can be furnished on request. 
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The valve is designed so that the valve surfaces are 
released from the seat at the slightest movement of the 
valve stem on account of the wedge shape with its center 
guides which is intended to eliminate sliding action and 
to avoid wear and the wedging of the valve faces against 
the valve seats. 

These valves conform to dimensions which have been 
approved by the American Society of Mechanical En- 
gineers Standards Committee for steel pipe flanges and 
flanged fittings, while the materials conform to the re- 
quirements of the American Society for Testing 
Materials. The one piece valve bodies, as well:as the 
bonnets, are of forged steel. The cages, gates, gate bolts, 
stems, bushings and gate seats are of stainless steel. 

The valves are made in both the gate and globe types, 
as shown. Gate valves are of the rising stem type de- 
signed for straightway flow. Body and cover flanges 
have tongue and groove joints for soft steel corrugated 
gaskets. Globe valves have forged steel bodies and 
bonnets with either inside screw, or outside screw and 
yoke. Globe valves are made in 34, 1, 114, 2 and 3-in. 
sizes. Gate valves are made in sizes from 1 to 6 in. and 
larger sizes up to 24 in. will also be supplied. 


G-R Tubeflo Section 


Ro HANDLING dirty or corrosive liquids and 
gases, an interesting type of heat exchanger and 
cooler, as shown herewith, has recently been developed. 
This apparatus, called the G-R Tubeflo Section, is made 
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FIG. 1. INDIVIDUAL PARTS OF G-R TUBEFLO SECTION 
entirely of semi-steel in order to withstand corrosion, 
and the fluid passages are straight, smooth, cored holes, 
designed to be readily cleaned. The main portion of 
the section consists of a number of body pieces bolted 
together to make up the required length for a desired 
cooling effect. At one end of the section is bolted a 
stationary head which contains the inlet and outlet con- 
nections, together with the necessary partitions for 
directing the flow of the mediums through the four 
chambers of the body pieces. At the opposite end of the 
section, a floating bonnet forms a crossover connection 
between the passages. The stationary head is also pro- 
vided with a removable cover to permit easy inspection 
of the chambers and accessibility for cleaning. 

Various parts of which the G-R Tubeflo Section is 
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built up are all standard and interchangeable, to reduce 
the cost of these sections and also to make them exceed- 
ingly flexible in capacity and cooling effect. Sections 
are readily made longer or shorter by changing the 
number of body pieces; they can be installed in stacks 
one over another; and any number of stacks can be 
used in parallel, depending upon the duty which they 
are to handle. When arranged in stacks, the stationary 
heads of the sections are bolted together and the body 

















FIG. 2. STACK OF SECTIONS ASSEMBLED 
pieces of each section are held in proper position by 
lugs which permit free movement for expansion and 
contraction. The G-R Tubeflo section is made by The 
Griscom-Russell Co., New York. 


Line Start Induction Motors 
OR STARTING on full line voltage, a line of 
squirrel cage induction motors is being placed on 

the market by Allis-Chalmers Manufacturing Co., Mil- 
waukee, Wis. These motors are normal torque, high 

















NEW TYPE ARX LINE START MOTOR WITH STARTER BOX 


reactance machines, designed so they will not draw 
starting current in excess of the limits recommended by 
the Electrical Apparatus Committee of the National 
Electric Light Association. They are built in ratings of 
7% to 30 hp., 600 to 3600 r.p.m., low voltage, and are 
available with either sleeve or roller bearings. Features 
of Allis-Chalmers construction as employed in squirrel 
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cage motors are maintained in this new line. A magnetic 
switch with push button control is the only starting 
equipment required. 


Improvements on Riley Atrita 


URING THE PAST year, developments have been 
made on the different sizes of Riley Atrita unit 
pulverizers to give greater reliability, smoother per- 
formance and lower maintenance. The majority of these 


























FIG. 2. ROTOR WITH SOME OF 
UNIT CASTINGS REMOVED 


FIG. 1. PULVERIZING 

ELEMENTS AND NEW 

FIRST EFFECT HAM- 
MER DESIGN 


developments have been in the design and construction 
of pulverizing elements. It will be remembered that 
originally the pulverizing elements of the Riley Atrita 
unit pulverizer consisted of small oval shaped pegs. The 
next step in the development was the use of larger 
round pegs. This increase in the size of the pegs in- 
creased the life over the original design several times. 
With the peg type of construction it was necessary to 
install wearing plates on the rotor to take care of any 
tendency of the rotor to wear. 

The present construction, Figs. 1 and 2, consists of 
small cast segments which are installed on the rotor. 
The faces of these castings act as the wearing plate so 
that there is no possibility of the rotor itself wearing. 
The peg section of the unit casting is many times larger 
than the two and one-half inch pegs previously used. 
The castings are extremely rugged. Greater fineness of 
pulverization has also been obtained, it is stated, as well 
as smoother operation. 

It is claimed that the greatest feature of the new 
construction, however, is the low maintenance which has 
resulted from its use. The life of the pulverizing ele- 
ments has been increased from four to seven times that 
of the peg construction. 

Figure 1 shows the pulverizing elements as well as 
the new first effect hammer design. Figure 2 shows the 
rotor with some of the unit castings removed; it also 
illustrates the method of holding the unit castings to 
the rotor. The unit castings are made with a pressed 
steel ferrule cast into them. This ferrule fits into a 
bored hole in the rotor. The use of the ferrule is to 
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eliminate the necessity of close machining at this point. 
That section of the unit casting takes all of the cen- 
trifugal strain so that it is only necessary to hold the 
castings together. This is accomplished by bolts, as 
shown in the photograph. 

The method of supplying hot air to the Riley Atrita 
unit pulverizer has also been redesigned to assure more 
effective use of hot air. This is particularly necessary 
when coal with a high moisture content is being used. 

The coils used in the magnetic separator have been 
entirely enclosed in order to eliminate the possibility of 
fuse wire and fine coal getting into the separator and 
gradually causing wearing of the coils and consequently 
short-circuiting. This new design has been in use for 
over a year on all of the machines using an integral 
separator. 


Type C-14 Oxweld Cutting 
Blowpipe 


K NOWN AS Type C-14, a new eutting blowpipe, 
designed to prevent backfire even under the most 
severe operating conditions, has been added to the line 




















ABOVE—TYPE C-14 CUT- 
TING BLOWPIPE HAS 
FORGED HEAD AND 
REAR BODY 


NEW TRUCK FOR WELD- 

ING EQUIPMENT HAS 

24-IN. WHEELS FOR EASE 
OF HANDLING 














of the Oxweld Acetylene Co., 30 East 42nd St., New 
York. 

This blowpipe uses the same nozzles as the type C-2, 
which it resembles, although several improvements in 
design have been made. The three gas tubes are straight, 
having no bends either outside or inside the handle. 
The cutting valve is of the same design as has been used 
on the type C-6 and is now used on all hand cutting 
blowpipes of the same make. 

Besides the needle valve bodies, both the head and 
the rear body of the type C-14 are also pressure forgings, 
instead of castings, to give better appearance, increased 
durability and lessened weight. 

Interchangeable nozzles are provided so that the 
blowpipe may be used with either medium or low pres- 
sure acetylene. To use low pressure nozzle with a medi- 
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um pressure acetylene supply, the regulator should be 
adjusted to give a flame showing an excess acetylene 
cone not more than 1 in. long when the acetylene valve 
on the blowpipe is wide open. The acetylene valve should 
then be adjusted to obtain the neutral flame. 

A new type of two-wheel truck for oxy-acetylene 
equipment has also been put on the market by this com- 
pany. The new truck is equipped with 24-in. steel 
wheels to increase ease of handling. The hub is bored 
to fit the cold-rolled steel axle and a grease cup is pro- 
vided for lubrication in case the truck may be hauled 
long distances at fairly high speed behind a motor truck. 


Improved Safety Latch for 


Steam Boilers 
RIE CITY TRON WORKS, Erie, Pa., has recently 
placed on the market an improved safety latch 
for firing doors of steam boilers, as shown in the accom- 
panying illustration. A recent ruling by the State of 





IMPROVED SAFETY LATCH FOR BOILER FIRING DOORS 


Ohio gave the impetus to this development. This ruling 
provides that firing doors of the inward opening type 
on all steam boilers carrying pressures in excess of 15 
lb. per sq. in. shall be provided with devices to prevent 
them from being blown open by pressure on the furnace 
side. It also provides that the latch or bolt must be 
dependent upon gravity or counterweighted. The new 
Erie City safety latch is designed to conform to all these 
requirements and also to those of any other state boiler 
inspection department. The method of operation of the 
latch is apparent from the photograph. 


Unirep Gas IMPROVEMENT Co., Philadelphia, Pa., in 
1927 earned net profits of $12,934,457.26, according to 
the profit and loss statement of the company. This is 
12.56 per cent on the average capital stock outstanding 
during the year and represents an increase in net profits 
of $3,591,843.27. 

Capital stock dividends paid during the year 
amounted to $8,144,072.00, an increase of $1,627,184.00. 
The balance to undivided profit account was $4,790,- 
385.26, an increase of $1,964,659.27. 
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New Hollow Square Bus 
Support 


ESTINGHOUSE Electric and Manufacturing Co. 
has developed a new line of bus-bar supports 
known as the modified hollow square type. These sup- 
ports consist of heat-treated aluminum alloy clamps 
which are insulated from the standard 114-in. pipe of 
the mounting support by means of high-grade miecarta 
tubes. The bus support is designed for 4-in. by 14-in. 
bus-bars and for a maximum of 4000 v. a.c. or d.e. 
These supports may be adjusted to earry 1 or 12 bars. 
This feature allows the bus to be tapered as feeders are 
tapped off or allows the easy installation of additional 
bus copper to provide for an increasing load. The 
hollow square arrangement of bars will minimize the 
influence of both skin effect and proximity effect and 
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will allow the copper to be used at its maximum effi- 
ciency. The modified hollow square bus-bar supports 
are particularly adapted to heavy low-voltage bus con- 
struction. 


News Notes 


UNDER THE direction of the Engineering Extension 
Dept. and the School of Mechanical Engineering and 
the School of Chemical Engineering of Purdue Univer- 
sity, the Indiana Fuel Conference is to be held at Purdue 
University, Lafayette, Ind., April 5-6, 1928. Tentative 
program recently announced shows that there will be 
diseussion of such subjects as fuel resources of Indiana, 
fuel and power as affecting progress, fuel research prob- 
lems, burning Indiana coal, coal storage, smoke elimina- 
tion and coal marketing. Papers on these subjects will 
be presented by authorities on Indiana fuel resources. 


THE Lincotn E.ectric Co., Cleveland, Ohio, an- 
nounces the retention of A. M. MacFarland as general 
sales and development engineer. Mr. MacFarland will 
devote his efforts to the development and special appli- 
cation of automatic carbon are welding, with head- 
quarters at Cleveland. 


WHEN THE Cutter Electrical and Manufacturing Co. 
of Philadelphia recently decided to change its name to 
the I-T-E Cireuit Breaker Co., it was felt that there must 
be a significant reason for the change. Philip C. Gunion, 
sales manager of this company, said in a recent inter- 
view: ‘‘The primary reason for changing our name 
was that we were constantly being confused with two 
other electrical manufacturers of similar name, one of 
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which is owned by a competitive organization. As there 
has been no Mr. Cutter connected with our company for 
over 25 yr., there was no reason not to change. Using 
the product name as a company name gives us a fully 
descriptive name that cannot be confused with the name 
of any other company. The policies, personnel and 
products of the I-T-E Cireuit Breaker Co. are identical 
with those of the old company—nothing has been 
changed except the name.’’ 

Upon APPLICATION by the Paige & Jones Chemical 
Co., Ine., a license has been granted to it by the Per- 
mutit Co. to manufacture and sell industrial zeolite 
water softeners of the upflow type. This agreement, 
which became effective March 15, 1928, further provides 
that customers of the Paige & Jones Chemical.Co. who 
bought zeolite water softeners from it may use such 
apparatus lawfully and in perfect safety. The Permutit 
Co. also granted to Paige & Jones Chemical Co. a 
license for use of the U. S. Patents 1,348,977 and 
1,455,363, both relating to Greensand Zeolite (Glau- 
conite). 

Tue InrerstaTE Power Co. has begun installation 
of a $200,000 gas plant in Clinton, Iowa, one of the 
first of its kind in the state, and incorporating the 
latest methods of production of gas from coal, provid- 
ing the community with greatly increased production 
capacity in anticipation of extension of gas for home, 
manufacturing and industrial purposes. The United 
Gas Improvement Co. of Philadelphia, which has con- 
tract for the work, will utilize vertical retorts for the 
plant, the gas coal being elevated 60 ft., charged into 
the top of the retorts and discharged at the ground 
level as coke. The plant will have daily capacity of 
750,000 eu. ft. of gas with provision for additions which 
will bring the output to 1,000,000 eu. ft.; 48 t. of coal 
will be carbonized daily. The unit is expected to be 
ready in November. 


On THE CEDAR River, near Rochester, Cedar County, 
Lowa, a $2,000,000 hydro-electric power plant is projected 
by the Iowa Railway and Light Corp., which has filed 
application for permission to erect and operate a dam and 
hydro-electric station expected to develop 23,000,000 kw- 
hr. annually. Isaac B. Smith, Cedar Rapids, president 
of the corporation, has announced that the project will 
not be undertaken for 3 yr., the application just made 
being to protect its interests in the dam site acquired 
some years ago. A concrete dam with its permanent 
erest 22 ft. above the normal water level of the lake, 
which will be created covering approximately 2250 acres, 
will be supplied with a spillway, parallel to the river 
channel to protect it against flood tides. The power 
house along the spillway will be 50 by 140 ft. with a 
concrete and brick superstructure. Five hydro-electric 
units of 1400 kv.a. each will be installed. 


U. G. I. Contractine Co. of Philadelphia, Pa., has 
placed an order with the Westinghouse Electric and 
Manufacturing Co. for a 30,000-kw. turbine generator 
unit and its necessary condensing equipment. The new 
apparatus will be installed at the New Braunfels Station, 
New Braunfels, Texas, of the San Antonio Public Service 
Co. The turbine will be of the single-cylinder, impulse 
reaction type and will operate at 1800 r.p.m. Steam 
will be supplied to the throttle at 385 lb. gage, 255 deg. 
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F. superheat and will exhaust at a pressure of 11% in. 
mercury absolute. The generator will have a rating of 
30,000 kw., 90 per cent power factor, producing 3-phase, 
60-cycle current at 13,800 v. A direct connected exciter 
will be furnished. The condensing apparatus to be fur- 
nished will include a 37,500-sq. ft. radial flow surface 
condenser designed to condense approximately 250,000 
lb. of steam per hour and maintain a vacuum of 2814 
in. of mercury. 


NATIONAL Pipe BENDING Co., New Haven, Conn., has 
appointed J. Harold Flynn to its engineering staff. 


YEoMANS BrorHers Co., Chicago, Ill., has appointed 
H. F. Kircher & Co., Lehman Bldg., Peoria, Ill., to 
represent it in the central part of Illinois. 


Maenetic Mre. Co., Milwaukee, Wis., has appointed 
T. F. Seannell, 502 Ambassador Bldg., St. Louis, Mo., 
as its representative. 

Autis-CHaLMgers Mre. Co., Milwaukee, Wis., an- 
nounces that E. D. Hill of that company will be located 
at 42 Church St., New Haven, Conn., to give service in 
connection with the company’s products. Sales will be 
under the direction of A. F. Rolf, Manager of Allis- 
Chalmers New York office, 50 Church Street. 

E. H. Rouums & Sons, Chicago, IIll., is offering for 
sale the 5 per cent Secured Gold Debentures of the Na- 
tional Public Service Corp., maturing in 1978, priced 
at 9314 and accrued interest, to yield over 5.35 per cent. 
This corporation controls Jersey Central Power & Light 
Co., Municipal Service Co., Virginia Public Service Co., 
Eastern Shore Public Service Co., Florida West Coast 
Iee Company and Tide Water Power Co. 

On Marcu 15, 1928, the branch sales office and fac- 
tory of the Carbon Sales Division of National Carbon 
Co., Ine., moved from its former location at 357 W. 36th 
St., New York City, to new and larger quarters at the 
company’s plant at Fourteenth and Henderson Sts., Jer- 
sey City, N. J. 

Erie City Iron Works, Erie, Pa., has established a 
district sales office at 122 S. Michigan Ave., Chicago, II1., 
with Charles B. Acheson as district manager, J. R. Le- 
Vally as special engineer and D. F. Lytle as sales repre- 
sentative. E. J. Clerget is in charge of a sub-office of 
this district at 511 Traction Terminal Bldg., Indian- 
apolis, Ind. 

To conpuct the comprehensive program of the Sec- 
ond National Meeting of the Fuels Division, American 
Society of Mechanical Engineers, to be held during the 
week of September 17 in Cleveland, Ohio, a special com- 
mittee has been appointed. This consists of Col. Elliott 
H. Whitlock, chairman, P. V. Fraser, Theodore Maynz, 
John Wolff, F. H. Vose, H. K. Kugel. The technical 
program will be under the guidance of the chairman of 
the Fuels Division, Victor J. Azbe. 


AS A RESULT of a survey of the Tennessee River and 
its tributaries made by the chief of engineers and the 
Board of Engineers for Rivers and Harbors of the 
United States Government, a partial report has been 
submitted to the Secretary of War. Among other mat- 
ters, this report refers to the investigation of the Cove 
Creek dam site and states that construction of a dam, 
power plant and navigation facilities at that point would 
cost $37,000,000, but for proper economic development 
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of power it would be better to combine the Cove Creek 
reservoir with the Clinton, Melton Hill and Kingston 
dams at an additional cost of $24,000,000. 

Studies indicate that power projects on the Tennessee 
may be regulated with much less cost by storage than 
by steam auxiliaries and that storage is much needed 
for the development of economic power projects on the 
Tennessee River. The studies indicate that the Cove 
Creek project and other storage projects should be op- 
erated for the regulation of stream flow and power of 
the Tennessee River system rather than for the benefit 
of any individual project. The report states that addi- 
tional installation of generating capacity at Dam No. 2, 
Muscle Shoals, is not justified under present conditions. 
Although the commercial feasibility of the entire tenta- 
tive project cannot be determined at this time, the data 
may be of great value to anyone interested in power 
development of the Tennessee Basin. Since the number 
of such persons is comparatively limited, all the material 
will not be printed, but copies of maps, charts and dia- 
grams and other items may be purchased from the office 
of the District Engineer, 40 Municipal Bldg.,..Chatta- 
nooga, Tenn. 

IpeaL CommutatTor Dresser Co., Sycamore, IIl., has 
opened a New England office at 182 Purchase St., Bos- 
ton, Mass. It has also appointed the following sales rep- 
resentatives: C. B. Keck, 1565 Rydalmount Rd., Cleve- 
land Heights, Ohio; F. D. Lawrence Electric Co., Cin- 
cinnati, Ohio; O. T. Hall, 432 N. Calvert St., Baltimore, 
Md.; C. A. Brewer, New Haven, Conn.; DeMoss-Fox & 
Co., 320 Beaubien St., Detroit, Mich. 


SHaw CrRANE-PuTNAM MACHINE Co., INCc., owned by 
Manning, Maxwell & Moore, Inec., announces the pur- 
chase of the Lamb & Nash line of sheet metal machines. 
These will now be made at the Putnam works of the 
company at Fitchburgh, Mass. 


Tue CoLoNIAL IRON Works Co., Cleveland, Ohio, 
announces that Eugene W. Stern, consulting civil engi- 
neer of New York City, is now vice president of the 
company, acting in an advisory capacity and assisting 
in directing the general policy. 

THE PropucE TERMINAL CoLp StTorAGE Co., Chicago, 
Ill., eare of Henschien & McLaren, 1637 Prairie Avenue, 
architects, has asked bids on a contract for its proposed 
10-story cold storage and refrigerating building at 
Throop St. and 15th Pl., Chicago. 


THe CHAMPION Fisre Co., Canton, N. C., has ap- 
proved plans for an addition to its steam power plant. 
The boilers will have a capacity of 300,000 1b. of steam 
per hr. at 450 Ib. pressure and will be fired by pulverized 
eoal. A 4000-kw. Westinghouse turbo-generator will be 
installed. 

SHELDON, Iowa, Electric Light Co. has awarded con- 
tract for the construction of a concrete and brick power 
plant, to cost $150,000, and will install two 600-hp. oil 
burning engines for motive power. 


Lewis Buck ey Stitwets. of New York has been re- 
elected chairman of the Engineering Foundation, the 
research organization of the national engineering soci- 
eties. Mr. Stillwell, who enters upon his fourth term, is 
past president of the American Institute of Electrical 
Engineers and the American Institute of Consulting 
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Engineers. He is a native of Pennsylvania, a graduate 
of Lehigh and a life trustee of Princeton. Wesleyan 
University bestowed upon him the degree of doctor of 
science. 

He is a member of the American Society of Civil 
Engineers, the Institution of Electrical Engineers of 
Great Britain, the American Engineering Council, the 
National Academy of Sciences, the Royal Society of Arts 
in Great Britain, the American Philosophical Society, 
and the Franklin Institute. 

The Foundation re-elected the following vice chair- 
men: Arthur D. Little, president of the Arthur D. 
Little Laboratories, Cambridge, Mass., and inventor of 
many chemical processes; George A. Orrok, a member of 
the American Society of Mechanical Engineers, the 
American Institute of Mining and Metallurgical Engi- 
neers, and the American Society of Civil Engineers. 
Robert Ridgway of the American Society of Civil Engi- 
neers, and J. V. N. Dorr of the American Institute of 
Mining and Metallurgical Engineers were chosen addi- 
tional members of the Executive Committee. Other 
officers were again named as follows: Director and secre- 
tary, Alfred D. Flinn; treasurer, Jacob S. Langthorn; 
assistant treasurer, Henry A. Lardner. A gift of $10,000 
to the Foundation Endowment by the Central Hudson 
Gas and Electric Corp. has been announced. 


GIFFELS, Hamiutron & Wesper, Engineers, Kelsey 
Office Bldg., Grand Rapids, Mich., announces that this 
is the new firm name to succeed the old one of Burd, 
Giffels & Hamilton, with offices at the same address. 


Morse CuaIn Co., Ithaca, N. Y., has appointed T. M. 
Manley, who has been with the company for 20 yr., as 
manager of a large district including northern New 
York, western New England and northeastern Penn- 


‘sylvania, with headquarters at Ithaca. 


Borer ENGINEERING Co., 931 Federal Trust Bldg., 
Newark, N. J., has appointed the Pennock-McGee Co., 
1430 Bleury St., Montreal, as its representative. It has 
also appointed G. Taylor Swarts as its representative in 
the Pittsburgh district, with office at 2201 Oliver Bldg., 
Pittsburgh, Pa. 

PropLes’ Licut Co., Davenport, Iowa, has renewed 
its articles of incorporation for another 20-yr. period, 
amending its charter to specify $2,500,000 capital, di- 
vided into 25,000 shares of $100 par value each, of which 
21,250 shares have been issued. 


CONSTRUCTION of a 132,000-v. steel tower transmission 
line 59 mi. long to supply additional power in north- 
eastern Ohio will be started by the Cleveland Electric 
Illuminating Co., Cleveland, Ohio, about April 1, ac- 
cording to a recent announcement. 


GROSS EARNINGS of the Central Illinois Public Service 
Co. last year were $13,444,713.22, an increase of $700,- 
635.63 over the previous period, according to reports sub- 
mitted at the annual meeting of stockholders in Spring- 
field, Til. 


Sioux Ciry, Iowa, Gas and Electric Co. and its rail- 
way subsidiary, the Sioux City Service Co., paid the 
city $49,037.26 through its first department and $16,- 
054.42 through its traction lines division last year, ac- 
cording to annual report of W. J. Bertke, president of 
the utilities. 
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Books and Catalogs 


ENGINEERING OF PowER PuaNts, by Robert H. Fer- 
nald and George A. Orrok. Third edition. MeGraw- 
Hill Book Co., 370 Seventh Ave., New York, N. Y.; 
price, $5.50. 

To keep pace with power plant development, the 
authors have revised the book and incorporated a great 
deal of new data, bringing the subject matter, particu- 
larly tests of specific units and stations, up to the end 
of the year 1927. Besides covering every phase of the 
steam power plant from an operating, designing and 
economic standpoint, the book contains shorter chapters 
on specific requirements of district heating, office build- 
ings, locomotive requirements, internal combustion en- 
gines, producer gas, compressed air, refrigerating ma- 
ehinery and hydraulic power. Although it is written 
primarily as a text book, the vast amount of tabulated 
data on costs and operating results makes the book of 
unusual value for reference work for practically all 
classes of engineers. 

‘‘MECHANICAL WorLD”’ Electrical Pocket Book, 1928 ; 
cloth, 614 by 4, 400 pages, 134 illustrations. Emmott & 
Co., Ltd., 65 King St., Manchester, England. Price, 
about 48 cents. 

This is an excellent little volume which contains in- 
formation and data useful to anybody engaged in elec- 
trical work. This year a new section devoted to electri- 
eal calculations has been added in which the method of 
attacking various problems is set out in detail, various 
examples being given to elucidate the methods employed. 

Another section deals with estimating for wiremen 
and gives many hints and suggestions which will be of 
service to those preparing estimates for electrical work. 
A lengthy section is devoted to the use of electricity in 
textile mills, and in this many relative data are given, 
while systems of driving are discussed and notes given 
on the types of motors employed, power required for 
various operations, ete. Various new tables are given, 
notably those on power consumption of electrical appli- 
ances; Current taken by electric motors; Lead accumu- 
lators, ete. A new table of insulated copper conductors 
is also included. 

Evectric ControL: GEAR AND INDUSTRIAL ELECTRIFI- 
CATION. By William Wilson. Cloth, 6 by 9, 362 pages, 
216 illustrations; first edition, Oxford University Press, 
American Branch, New York, N. Y. Price, $8.50. | 

In this book it has been the aim of the authors to 
supply the wants of as many classes of engineers who 
may want information on this subject, as possible. The 
book is designed primarily for reference; each chapter 
as far as possible is complete in itself and may be read 
and understood independently of those that come before 
and after. 

Beginning with a brief history of electric drive, in 
the introduction, two chapters are devoted to the theory 
of direct and alternating current motors. These are 
followed by chapters on various methods of control and 
types of resistors and related equipment. Perhaps the 
best way of giving an idea of what the volume contains 
is to list the more important chapter headings. These, 
following the introductory chapters, are as follows: 
Manual starters and controllers; Resistance control; 
multiple voltage and series parallel control; The starting 
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of squirrel-cage and synchronous motors; Solid resistors ; 
Liquid rheostats; Contactors; Contactor coils, contacts 
and other details; Contactor interlocks, relays and 
switches ; Motor generator control systems; Electric lifts ; 
Electric operation of steelworks; Control of furnace and 
mine hoists, ete.; Electric cranes and gantries; Machine 
tool control; Miscellaneous control gear and Conclusion. 

The foregoing are only the most important chapter 
titles. The author seems to have covered the subject 
rather exhaustively and the book should be of interest to 
anybody having to do with electric control. 

MecuanicaL Drartine HANDBOOK, by Frank R. Kep- 
ler; 127 pages, paper cover; The Bruce Publishing Co., 
354 Milwaukee St., Milwaukee, Wis.; price, 90 cents. 

A handy little book intended to provide students and 
mechanical draftsmen with a collection of essential 
usages, standards, conventions and tables based upon 
modern practice. Part I deals with the fundamentals 
of drawing and lettering, care of instruments, tracing, 
steps in penciling, working drawings, etc. Part II treats 
the subject of standards and conventions. Sample draw- 
ings are provided. Part III concerns itself with screws 
and nuts, tap drills, ete. A helpful appendix dealing 
with geometrical construction is given. 


STEAM TurBINES. By Edwin F. Church, Jr., Pro- 
fessor of Mechanical Engineering, Polytechnic Institute, 
Brooklyn. 265 pages with index. Price, $3.00, McGraw- 
Hill Book Co., 370 Seventh Ave., New York, N. Y. 

A concise text on steam turbines, opening with a 
chapter on the general form and principal character- 
isties of different type turbines and explaining the terms 
to be used. Attention thereafter is centered on the appli- 
eation of thermodynamic principals and calculations of 
flow of steam through nozzles and blade passages of the 
turbines, changes in heat, pressure and volume and the 
various factors effecting efficiency. 

Throughout the book the subject is handled in a 
brief, clear and logical manner. Although written pri- 
marily as a text book, it will be a valuable addition to 
the library of engineers who have a working knowledge 
of ordinary steam cycles, steam tables and charts. 


NEMA HANDBOOK OF SUPPLY STANDARDS; size, 6 by 9, 
paper, 231 pages, 125 illustrations; National Electrical 
Manufacturers Association, 420 Lexington Ave., New 
York. Price, $3.50. 

A guide book on the design, manufacture and in- 
stallation of electrical supply equipment. It contains 
standards endorsed by 189 manufacturers of the supply 
division of the N. E. M. A. on air circuit breakers, 
attachment plugs, fuses, cutout bases, knife and enclosed 
switches, lamp receptacles and sockets, laminated phe- 
noliec products, metal molding, non-metallic flexible con- 
duit, outlet boxes, overhead trolley line materials, panel- 
board and distribution boards, signalling apparatus and 
snap switches. 

APPLIED MaGnetism, by T. F. Wall, First edition, 
cloth, 744 by 10 in., 262 pages, 146 illustrations. D. Van 
Nostrand Co., Inc., 8 Warren St., New York, N. Y., 1927. 
Price, $8.00. 

There has been a distinct need for an up-to-date 
work on magnetism and this book, it seems, goes far 
toward satisfying that need. Considering the impor- 
tance of magnetism in electrical engineering, it is strange 
that no more has been published on this subject. The 
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results obtained with the recently introduced alloys 
known as permalloy indicate the possibilities of further 
studies in magnetism. It was with the view of present- 
ing a reasonably complete survey of this branch of elec- 
trical engineering that this book was written. 

In the first part the principles of applied magnetism 
are considered and a brief account of the electron theory 
of magnetism is included. In the second part of the 
book various methods of magnetic testing are considered. 
While it is impossible in a book of this kind to deal 
with all the available methods of testing, a reasonably 
representative selection has been made so as to include 
the tests which are likely to be most generally reliable 
and useful in practice. 


PURPOSE AND DEVELOPMENT of the National Electrical 
Code and its relation to electrical manufacturers is out- 
lined in some detail in a recent publication issued by 
National Electrical, Manufacturers Association. The 
booklet is designated as ‘‘The National Electrical Code, 
Its Purpose and Development.’’ 

The code is a collection of rules and regulations gov- 
erning choice and installation of electric wiring, mate- 
rials, apparatus and supplies and the procedure for 
making changes in the code, together with important 
data about Underwriters’ Laboratories, addition of 
‘‘New Materials’’ and ‘‘Field’’ changes in the code are 
here outlined for the first time under one cover. The 
rapid growth in the use of electricity and the spread of 
radio has caused a flood of inquiries to the Association 
office, which, officials of N. E. M. A. believe, will be 
largely answered in this publication. The book is not 
a compilation of the rules themselves, but gives clearly 
the methods by which they are revised and kept modern 
in order to keep pace with improvements and changes 
in the art of wiring and using electrical equipment and 
devices. 

Forty ELEMENTARY LESSONS IN ELECTRICITY. By 
E. H. Thomas, Utility Users Magazine, 2224 Second 
Ave., Seattle, Wash.; 48 pages; price, 75c¢ prepaid. 

A simple and comprehensive text book especially de- 
signed for school work and for the use of those who 
desire to learn the fundamentals and underlying prin- 
ciples of electrical science. The material has been put 
in untechnical language for the use of those who know 
nothing at all about the subject, but desire to begin its 
study. 

PREFERRED NuMBERS, informally approved and rec- 
ommended by the American Engineering Standards 
Committee, has just been published and is being dis- 
tributed for the purpose of trial and criticism. The 
purpose of this system is to eliminate economic loss in- 
volved in the haphazard gradations of size that charac- 
terize many of our common commodities. The funda- 
mental elements lie in, the proposal to arrange standard 
size series so that each succeeding member in the series 
shall be larger than the preceding size; not by a definite 
amount, but by a fixed percentage. These standards are 
given in the A. E. 8. C. publication Z 17-1927, dated 
June, 1927, priced at 20 cents each. They are obtainable 
from the American Engineering Standards Committee, 
29 W. 39th St., New York, N. Y. 

WatwortH Co., Boston, Mass., has just issued two 


folders containing tables of standards for cast iron 
pipe flanges and flanged fittings for 125 Ib. and 250 Ib., 
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developed under the procedure of the American En- 
gineering Standards Committee, which are effective 
now. All Walworth series 150 steel flange dimensions 
will follow the new 125 lb. cast iron flange drillings, 
while series 300 steel flange dimensions will follow the 
new 290 lb. cast iron standards. Three sizes of the new 
flanges will not bolt to the old flanges. These are 3% 
in.—125 lb., 2 in—250 lb., 24%4 in —250 lb. The tables 
illustrate the new conditions and will be sent on request 
to users of fittings. 


WorTHINGTON Pump Hanpsook. Written by Worth- 
ington engineers, published by the Worthington Pump 
& Machinery Corporation, 1250 pages. Price, $1.00. 

Written by engineers of the company, each depart- 
ment contributing material pertaining to that branch 
of pump engineering, the book is authoritative and prac- 
tical, valuable in a reference library of any engineer, 
student or user of mechanical equipment. The contents 
are divided up into nine sections, entitled General The- 
ory and Uses; Centrifugal Pumps; Power Pumps: 
Deepwell Pumps; Power for Pump Drives; Direct Act- 
ing Steam Pumps; Installing and Operating Pumping 
Machinery ; Pumping in the Petroleum Industry; and a 
tabular section containing tables and formulas for hy- 
draulie ealeulations. 


TIMKEN ENGINEERING JOURNAL, published by the 
Timken Roller Bearing Co., Canton, Ohio, consists of 
a group of the company’s bulletins, enclosed in a card 
board cover, containing information for designers rela- 
tive to duty of bearings, load calculations and their seleec- 
tion, mounting of Timken Bearings, lubrication and 
other information of value. Tables of dimensions are 
given and details of the bearings that should prove of 
great value in laying out machinery. 


AEROFIN Corp., 750 Frelinghuysen Ave., Newark, 
N. J., has issued bulletin No. 7, superseding all prior 
bulletins, covering low pressure Aerofin for pressures 
of 2 to 50 lb. This is a 62-page book illustrated in 
eolor, containing not only description of the Aerofin but 
also many valuable tabulations of sizes, capacities, steam 
conditions and many diagrams of connections. The com- 
pany is also issuing bulletin H.P.-1 on the high pres- 
sure Aerofin. This is designed for pressures from 25 
to 350 Ib. gage. 


BULLETIN No. 10 issued by the Ellison Draft Gage 
Co., 214 West Kinzie St., Chicago, deseribes its new 
pointer draft gage with straight line movement. This 
has four illuminated scales showing the draft at four 
points in the gas passage, selected according to the 
conditions of the plant. It is also made up in panel 
form with any number of scales desired and can be 
arranged with a color code to designate the various 
points for which draft is registered. 


Tycos Rocuester for January, 1928, published by 
Taylor Instrument Cos., Rochester, N. Y., among other 
interesting articles, contains a discussion by C. Moran 
on Forests and Flood Control. Fundy’s Famous Tides 
also are described and an article on Birds That Follow 
the Sun contains some interesting pictures of duck and 
other wild game. 

Sunuivan Macuinery Co., 122 S. Michigan Ave., 


Chicago, Ill., has just issued several bulletins discussing 
its products. Bulletin 124 entitled ‘‘Speed Up with 
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Air’’ shows applications of portable air compressors and 
compressed air tools. Bulletin 83-1 describes WG-6 
single-stage, belt-driven horizontal Sullivan compressors 
in capacities from 68 to 500 c.f.m. Bulletin 76-G dis- 
cusses the 614-hp. portable motor-driven hoists. Bulletin 
83-H describes Sullivan vertical air compressors, two and 
four-cylinder types, in capacities of 120 to 240 ¢.f.m. 
for small power plants and miscellaneous industrial 
requirements. 

Goutps Pumps, Inc., Seneca Falls, N. Y., is issuing 
a folder describing a portable engine-driven pumping 
unit designed for fire or general service. This is made 
in capacity of 250 g.p.m., at 100 lb. pressure and 1100 
r.p.m. 

ROTARY CAR DUMPERS are described in Bulletin No. 
103, issued by Roberts & Schaefer Co., Wrigley Bldg., 
Chicago, Ill. 

THe LANHAM MANogRAPH, a flow meter for water 
and steam, is described in a recent bulletin issued by 
Paul Lanham, Lanham, Md. 

STARTING AND OPERATING characteristics of the Lin- 
eoln ‘‘Switch-Start’’ Motor are discussed in a recent 
folder by the Lincoln Electrie Co., Cleveland, Ohio. 

De Lavau single stage and multistage centrifugal 
pumps for all services are described and illustrated in 
Catalog B, a 72-page bulletin just issued by DeLaval 
Steam Turbine Co., Trenton, N. J. 

STEPHENS-ADAMSON Mre. Co., Aurora, IIl., has issued 
a four-page illustrated folder describing the new JFS 
variable speed transmission. 

CELITE Propucts Co., 1320 S. Hope St., Los Angeles, 
Calif., has issued bulletin No. 336, entitled ‘‘ Designing 
Conerete for Workability as Well as Strength.’’ This 
deals with the use of Celite in concrete. 

Fittrators for keeping boilers permanently clean, as 
manufactured by Filtrators Co., 96 Liberty St., New 
York, N. Y., are described in a folder recently received, 
which shows the construction of the device, the method 
of attachment, and explains the principle and operation 
of the device. 

ALLEN-BRADLEY Co., 286 Greenfield Ave., Milwaukee, 
Wis., has issued several bulletins and leaflets to be in- 
serted in its loose leaf catalog, describing across-the- 
line starting switches for d.c. motors and starting devices 
for squirrel cage and slip ring motors. Alternating 
current reversing switches are described and across-the- 
line starting switches for a.c. motors of various types. 

AMERICAN SOCIETY OF MECHANICAL ENGINEERS, 29 W. 
39th St., New York, N. Y., in an 8-page bulletin an- 
nounces and describes the new Engineering Weekly 
Card Index Service. This is designed to make available 
the facilities of the United Engineering Societies Li- 
brary, said to be the largest strictly technical library in 
the world, containing over 1700 technical publications 
from 37 countries and in 17 languages. The service 
makes available in ecard index form ready for filing all 
the data on technical articles published by the Engi- 
neering Index, which is carried on by a special organiza- 
tion within the A. S. M. E. The service was inaugu- 
rated as of January 3, 1928, after a year of preparation. 
Bulletin contains complete data regarding prices for the 
various classes of service and a list of publications re- 
viewed by the Service. 
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Ariz., Yuma—The Arizona Edison Co. is considering ex- 
tensions and improvements in plant and system, including 
installation of additional equipment and transmission lines, re- 
ported to cost about $90,000. 


Calif., Sacramento—The Western Oxygen Co., 2421 East 
Fifty-eighth Street, Los Angeles, Calif., plans the installation 
of power equipment at its proposed local industrial oxygen 
plant, entire project to cost close to $100,000. 


Conn., Montville—The Robert Gair Co., 420 Lexington 
Avenue, New York, has approved plans for a one-story boiler 
plant at its local paper mill, reported to cost about $50,000. 


Ga., Columbus—The Chattahoochie Sand & Gravel Co., 
Columbus, plans the installation of power equipment in con- 
nection with a proposed sand and gravel plant on the Chatta- 
hoochie River, estimated to cost more than $150,000 with 
machinery. 


Ill., Harrisburg—The Firebrand Fuel Co., Norris City, near 
Harrisburg, is planning the rebuilding of the power plant at 
its local coal mines, comprising boiler and engine house, de- 
stroyed by fire March 7, with loss estimated at close to 
$100,000. 


Ill., Ottawa—The National Plate Glass Co., General Motors 
Building, Detroit, Mich., plans the installation of power equip- 
ment in connection with a new addition to its plant reported 
to cost in excess of $200,000. 


Ill, West Pullman—The Columbia Mills, Inc., 225 Fifth 
Avenue, New York, will install power equipment in a proposed 
one, two and three-story addition to its local textile mill, re- 
ported to cost in excess of $250,000. Lockwood, Greene & 
Co., 400 North Michigan Avenue, Chicago, Ill., are architects 
and engineers. 


Ind., Brazil—The United Brick Co., care of J. E. Hendrix, 
Veedersburg, Ind., (recently organized by Mr. Hendrix and as- 
sociates) plans the construction of a boiler house at its pro- 
ci ga brick plant; entire project will cost in excess of 


_ Ind., Shelbyville—The Fame Canning Co., 58 East Wash- 
ington Street, Chicago, Ill, plans the installation of power 
equipment in connection with proposed rebuilding of its local 
plant, recently destroyed by fire, with loss approximately 
$200,000 


_ Iowa, Burlington—The Iowa Soap Co., 816 Valley Street, 
will install power equipment in a proposed three-story addition 
to its local plant, estimated to cost about $100,000; bids will 
be asked on general contract early in April. The Federal En- 
gineering Co., Central Office Building, Davenport, Iowa, is 
engineer. 


Kans., Meade—The Silica Mines Co., Meade, plans the in- 
Stallation of power equipment in a proposed new plant unit 
estimated to cost about $65,000. M. T. Garlow is head. 


Ky., Louisville—The Kurfees Paint Co., 201 East Market 
Street, will install power equipment in a new factory addition 
to cost about $85,000, for which plans have been filed. 


La., Abbeville—The Dixie Creamery, Inc., 2419 Southern 
Avenue, Shreveport, La., plans the installation of power equip- 
ment in its proposed local plant, entire project to cost close 
to $100,000. 


Mass., Alliston (Boston)—The Albany Carpet Cleaning 
Co., 18 Penniman Road, has filed plans for an addition to its 
boiler plant, in connection with factory expansion, estimated 
to cost in excess of $40,000, with equipment. 


Mass., Boston—The Board of Trustees, Boston City Hos- 
pital, has plans for extensions and improvements in power 
house at the institution, Albany Street, to cost about $200,000, 
with equipment. James H. Ritchie & Associates, 100 Arling- 
ton Street, are architects. 


Md., Cumberland—The Kelly-Springfield Tire Co. will in- 
stall electric power equipment in a proposed new addition to 
its plant, estimated to cost about $100,000. 


Mich., Battle Creek—The Ralston Purina Mills, Inc., will 
install power equipment in connection with proposed rebuilding 
of its local cereal mill, destroyed by fire March 4, with loss 
estimated in excess of $200,000, including machinery. 


Mo., Kansas City—The United States Cold Storage Co., 
Third and Locust Streets, is considering the erection. of a 
new unit at its ice-manufacturing and cold storage plant, in- 
cluding improvements in present ice-making division. Entire 
project will cost more than $2,000,000. 


Mont., Polson—Walter H. Wheeler, 1110 Metropolitan 
Life Building, Minneapolis, Minn., engineer, has plans under 
way for a steam-operated electric power plant on local site, 
for 2 company whose name is temporarily withheld, reported 
to cost in excess of $45,000, with equipment. 


N. C., Greensboro—The Proximity Mfg. Co. plans the in- 
stallation of power equipment in a proposed addition to its 
local textile mill, to be used for weaving service, reported 
to cost about $125,000. 


N. Y., Binghamton—The Binghamton Brick Co. is said to 
be planning the installation of a boiler house in connection with 
proposed rebuilding of its plant, destroyed by fire March 3, 
with total loss approximating $200,000. 


N. Y., Buffalo—The duPont Cellophane Co., River Road, 
plans the installation of power equipment in a proposed one- 
story addition to its glazed paper mill, estimated to cost in 
excess of $200,000. 

Okla., Ponca City—The Empire Refineries, Inc., Tulsa, 
Okla., will install power equipment in a proposed local plant 
for manufacture of industrial alcohol, entire project to cost 
approximately $300,000. 

Ore., Oregon City—The Hawley Pulp & Paper Co. is con- 
sidering the construction of a new steam power plant at its 
local mill, to be equipped with high pressure boiler units, 
stokers and other modern equipment, replacing a present such 
station. Work will be carried out in connection with an ex- 
pansion and improvement program to cost close to $2,000,000, 
over a period of months. Willard P. Hawley is president. 


Pa., Emaus—Zollinger & Schroth, Inc. plan the installation 
of power equipment in a one-story addition to textile mill on 
Furnace Street, estimated to cost close to $100,000. Lockwood 
Greene & Co., 100 East Forty-second Street, New York, are 
architects and engineers. 


Pa., Wyalusing—The Dairymen’s League, Wyalusing, plans 
the rebuilding of the portion of ice-manufacturing plant and 
boiler house at local powdered milk plant, destroyed by fire, 
March 6 with loss of about $25,000. 


Vt., St. Johnsbury—The Jackson-Butler Corporation ‘plans 
the installation of power equipment in connection with re- 
building of its woodworking mills recently destroyed by fire 
with loss reported at $75,000, including machinery. 


W. Va., Kenova—The Tri-State Refining Co. plans the in- 
stallation of power equipment in connection with a new addi- 
tion to its oil plant, estimated to cost close to $200,000. 


Wash., Bellingham—The San Juan Pulp Mfg. Co. plans the 
installation of power equipment in a proposed new addition 
to its mill estimated to cost close to $100,000. Ossian Ander- 
son is president. 


Wis., Kenosha—St. Catherine’s Hospital, Milwaukee Ave- 
enue, has plans nearing completion, for a new power house 
and service building at the institution, with installation of two 
150-hp. boilers and accessory equipment. Schmidt, Garden & 
Erikson, 104 South Michigan Avenue, Chicago, IIl., are archi- 
tects. 

Wis., Loyal—The Lakeshire Cheese Co. is planning the 
installation of a boiler plant in its proposed local cheese fac- 
tory and milk condensory. Entire project will cost about 
$100,000 with machinery. G. A. Krasin, Marshfield, Wis., is 
architect. 


Wyo., Powell—The Great Western Sugar Co., Sugar 
Building, Denver, Colo., is reported planning the construction 
of a beet sugar mill in this vicinity, to include boiler plant and 
other power equipment. Entire project will cost more than 
$350,000 










































































